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EUSTIS  DIRECTORATE  POSITION  STATEMENT 


The  REXOR  analysis  and  computer  prt gram  reported  herein  is  considered  to 
be  a useful  tool  for  the  analysis  f the  dynamics,  handling  qualities, 
failure  modes,  performance,  and  loads  of  a single  four-bladed,  gyro- 
controlled,  hingeless  rotor  helicopter.  The  REXOR  capability  to  model 
two-  or  four-bladed  teetering  or  articulated  rotors  is  largely  untried. 
The  REXOR  computer  program  may  be  used  for  the  analysis  of  any  of  the 
above  rotor  types,  while  the  analysis  techniques  should  also  be  in- 
structive in  the  development  of  other  detailed  analyses  for  helicopter 
rotors.  The  draft  of  this  report  was  reviewed  for  technical  content 
only . 

The  progress  under  this  contract  was  monitored  by  a Technical  Monitor 
Team  consisting  of  Mr.  A.  W.  Kerr,  Headquarters,  USAAMRDL;  Dr.  W.  White, 
Langley  Directorate,  USAAMRDL;  Mr.  S.  Hurt,  Directorate  for  RD&E,  AVSCOM; 
and  Mr.  IV.  I.  MacDonald,  Eustis  Directorate,  USAAMRDL.  Mr.  E.  E.  Austin, 
Eustis  Directorate,  provided  additional  technical  review  of  the  draft 
final  report. 
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DISCLAIMERS 

The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army  position  unless  so 
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1 . INTRODUCTION 


1.1  '.-•onTKNTf:  OK  MANUAL 


Volume  Ilf  is  a user's  manual.  It  is  primarily  concerned  with  the 
mechanics  of  operating  the  program.  The  user  is  assumed  to  be  familiar 
with  the  contents  of  Volumes  I and  II.  Many  inputs  are  required  and  a 
large  por' ion  of  these  pages  are  devotee,  to  a description  of  the  inputs. 
Before  discussing  the  inputs,  the  configurations  the  program  can  model  and 
what  constitutes  easy  and  difficult  program  modifications  are  reviewed. 

The  output  plots  and  tabulations  are  also  described.  Due  to  the  extensive 
computing  time  required  for  a run,  a portion  of  this  book  is  devoted  to 
describing  the  run  time  requirements  and  time  saving  procedures.  In  the 
final  section,  the  interfacing  of  the  program  in  its  uncompiled  FORTRAN 
form  with  the  user's  machine  is  reviewed.  Included  are  the  series, 
sequential  processing  for  time  history  plots,  and  Fast  Fourier  Transform 
analysis  interface. 


1.2  DEPTH  OF  PRESENTATION 

Volume  III  assumes  the  user  has  a limited  knowledge  of  the  program  and 
wishes  to  operate  same.  It  is  assumed  that  he  is  primarily  an  engineer 
and  secondarily  a programmer.  How  to  modify  the  program  is  not  a subject. 
The  intention  is  to  let  the  user  input-output  the  program  without  a 
complete  knowledge  of  the  program  code.  This  statement  does  not  preclude 
the  probable  prospect  that  at  least  minor  program  changes  will  be  wanted 
for  a new  configuration. 


2.  CONFIGURATIONS  MODELED  BY  REXOR 


2.1  MAJOP  CONFIGURATION 

The  program,  as  presently  structured,  is  limited  to  helicopter  designs 
featuring  a single  main  rotor  and  a tail  rotor.  However,  there  is  nothing 
in  the  basic  mathematical  approach  which  limits  the  program  to  one  lifting 
rotor . 


2.2  OVERALL  CONFIGURATIONS 

Although  the  program  is  limited  to  one  main  rotor,  the  fuselage  configura- 
tion is  readily  variable  under  one  assumption;  namely,  the  user  is  satis- 
fied that  the  fuselage  and  its  attachments  can  be  treated  as  one  rigid 
body  with  flexible  rotor  mast  and  controls  and  with  rotors  which  are 
geared  directly  to  the  main  rotor.  Using  inputs  alone,  a pure  helicopter 
or  a compound  configuration  with  a pusher  propeller  can  be  simulated.  The 
size  of  the  horizontal  and  vertical  tail  surfaces  can  be  readily  changed. 
Note  the  programming  is  not  highly  versatile  in  that  propellers,  tail 
rotors,  and  fixed  surfaces  can  be  added  only  at  limited  locations  and 
angles.  The  user,  however,  will  find  that  programming  changes  for  the 
aerodynamic  and  inertial  characteristics  of  itemo  attached  to  the  fuselage 
are  relatively  easy  under  the  assumption  given  above.  If  no  additional 
degrees  of  freedom  such  as  tail  rotor  shaft  windup  or  fuselage  bending  are 
needed,  then  the  programming  changes  can  have  a "tacked -on"  structure. 


2 . 3  MAIN  ROTOR  CONFIGURATIONS 


The  program  can  handle  a hingeless  or  articulated  rotor  of  four  blades 
quite  easily.  The  hingeless  design  can  be  either  stiff  or  soft  inplane, 
but  no  soft  inplane  design  has  been  operated  in  the  program  at  this  writing. 
The  program  has  been  run  however  as  a "soft"  inplane  articulated  rotor. 

The  only  difference  between  a hingeless  design  with  a "virtual"  hinge  and 
a blade  with  a real  hinge  is  in  the  shape  of  the  blade  bending  mode  in  the 
blade  root  area  and  in  the  spring  matrix  describing  the  elastic  character- 
istics of  the  blade  structure  itself. 

The  program  has  interim  modifications  to  handle  the  two  blade  teetering 
rotor.  These  changes  allow  for  an  independent,  fully  cantilevered  inplane 
mode;  a collective,  fully  cantilevered  flap;  and  a teetering  rigid  body 
flap  for  which  a hinged-flap,  cantilevered-inplane  constraint  is 
appropriate. 

The  programming  is  presently  restricted  to  four  blades  with  the  teetering 
exception  above.  Changes  to  allow  for  any  number  of  blades  would  not  be  a 
troublesome  modification,  but  would  be  extensive.  A large  number  of 
variables  allow  a maximum  of  four  in  their  dimension  statements  and  would 
have  to  be  changed. 
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3.  PROGRAM  INPUT 

3.1  RELATIVE  ADDRESS /MASTER  DATA  INPUT  SYSTEM 


3.1.1  Overview  of  Concept 


REXOR  provides  for  a comprehensive  description  of  a rotocraft. 
Consequently,  there  are  a large  number  of  inputs.  To  provide  a high 
degree  of  flexibility  in  manipulating  the  input  data,  the  Relative 
Address  (RA)  input  system  is  used.  Some  attributes  of  this  form  of  data 
management  are : 

• the  order  of  the  data  is  immaterial 

• the  same  item  may  be  in  the  deck  several  times,  the  last 
one  encountered  being  used. 

• only  that  data  which  is  necessary  need  be  input. 

A relative  address  system  coupled  with  a master /temporary  data  set 
philosophy,  produces  an  efficient  data  handling  method. 

The  master  data  set  idea  provides  a mechanism  for  good  data  management 
practices.  For  example,  the  master  data  sets  could  be  stored  on  a 
storage  device  such  as  tape  or  disk  and  retrieved  by  name.  The  section 
which  follows  will  present  details  concerning  the  construction  and 
content  of  the  date.  deck. 

3.1.2  Data  Deck  Construction 

Data  deck  construction  concepts  begin  with  a series  of  definitions.  The 
total  collection  of  data  submitted  to  the  computer  at  any  one  time  is 
called  a run  deck.  A run  deck  is  composed  of  data  cards  and  control 
cards.  These  two  card  types  will  be  discussed  presently.  The  collection 
of  data  cards  is  called  a data  unit.  Three  types  of  data  units  will  be 
considered  as  the  basic  units  of  data  deck  construction.  These  are: 

• master  ds.ta 

• permanent  change  data 
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• case  data. 

Master  data  is  a data  unit  which  will  be  the  base  for  a series  of  cases. 

A data  unit  which  will  permanently  change  the  master  data  unit  currently 
in  use  is  called  a permanent  change  data  unit.  Values  of  data  defined  in 
this  data  unit  will  override  corresponding  RA's  in  the  master  data  unit. 
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It  should  be  added  that  permanency  is  only  as  long  lived  as  the  data  deck 
in  its  current  configuration.  Case  data  is  defined  as  a data  unit  which 
will  temporarily  override  corresponding  master  data  RA's.  The  resulting 
data  will  be  executed  as  a case.  The  generalized  data  unit  concept  leave 
the  user  a great  deal  of  freedom  in  data  collection  and  management. 

The  data  units  within  a data  deck  are  identified  to  the  program  by  control 
cards.  Control  card  and  data  card  format  and  definitions  follow. 

• CONTROL  CARD  FORMAT; 

card  columns  1 - U contain  control  characters. 

5-8  must  be  left  blank. 

9 - 72  a comment  field. 

• CONTROL  CHARACTER  DEFINITIONS: 

9999  "END  OF  RUN".  This  card  is  the  last  card  of  a run 
deck.  It  is  always  required. 

8888  "MASTER  DATA  DECK  HEADER"  card.  This  card  signals 
the  beginning  of  a master  data  deck;  i.e.,  all  data 
cards  which  follow,  up  to  the  next  "BLANK"  control 
card,  constitute  a master  data  deck. 

7777  "PERMANENT  CHANGE  DATA  HEADER"  card.  This  card 
signals  the  beginning  of  a permanent  change  data 
deck;  i.e.,  all  data  cards  which  follow,  up  to  the 
next  "BLANK"  card,  constitute  a permanent  change 
data  deck. 

bbbb*  "BLANK"  card.  This  card  signals  the  end  of  a data 
unit. 

• DATA  CARD  FORMAT: 

One  to  five  inpi’ts  can  be  entered  on  an  input  card.  The  card 
format  is  as  follows : 


*b  signifies  a blank. 
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card 

column 

1 - It 

5 - 8 
11  - 22 
23  - 3l» 
35  - Jt 6 
it 7 - 58 
59  - 70 


field 

definition 


quantity 


right  adjusted 
right  adjusted 


E12.0 


E12.0 


E12.0 


E12.0 


E12.0 


where  IR1  is  the  RA  of  the  first  item  on  the  card 
IR2  is  the  RA  of  the  last  item  on  the  card 

If  one  and  only  one  item  is  being  inputted,  V , then  only  IR1  is 

required. 


WARNING:  THE  INPUTS  ON  A GIVEN  CARD  ARE  SEQUENTIAL, 

i.e.,  SKIPPING  FIELDS,  BY  LEAYING  BLANK,  IS  NOT 
ACCEPTABLE.  BLANK  FIELDS  ARE  INTERPRETED  AS  A ZERO 
VALUE. 


Note  the  data  field  specification,  E12.0.  All  inputs  are  real 
numbers  and  can  be  inputted  in  a variety  of  ways  as  described 
in  your  FORTRAN  manual.  But  remember,  an  absent  decimal  point 
has  an  assumed  position  at  the  right  of  the  field. 


For  tables  of  length  greater  than  5»  i.e.,  more  than  will  go  on 
one  data  card,  let 

IR1  be  address  of  first  entry 

IR2  be  address  of  last  entry  of  the  table 


Then  skip  the  IR  fields  on  subsequent  cards. 

Two  RA's  have  been  set  aside  to  identify  title  information  to 
the  program,  RA  (l)  and  RA  (l6). 
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-j.-c.nfc. . ,,„w...i..^U«i^. ...  = 


iSSsSafei 


TITLE  CARD  FORMAT : 


COL  1 - It 
COL  11  - 70 


RA  (1)  or  RA  (l6) 
TITLE  INFORMATION 


A run  deck  is  composed  of  any  number  of  data  units  with  the  following 
restrictions . 


• The  first  data  unit  must  be  a master  data  deck. 


• At  least  one  case  must  be  defined. 


A case  data  unit  may  consist  of  no  changes.  However,  the  presence  of  a 
case  must  be  indicated  by  a "BLANK"  control  card.  The  minimum  run  deck 
would  look  like  that  shown  in  Figure  3-1. 


A typical  data  deck  is  given  on  Figure  3-2.  Note  that: 


• A master  data  deck  may  be  updated  with  any  number  of  permanent 
change  decks 


• Change  decks  and  case  decks  can  be  interspersed 


• Any  number  of  master  decks  may  be  present  in  a run  deck.  However, 
a master  deck  must  be  followed  by  at  least  one  case  deck. 


Finally,  an  example  of  a data  deck  is  presented  in  Figure  3-3. 


3-1.3  Operational  Advantages 


The  operation  of  the  RA  system  permits  categorizing  data  as  either  master 
data,  master  override  data,  or  temporary  case  data.  The  sysuem  gives  each 
input  a unique  address  number.  The  advantage  of  master  override  is  that 
a large  block  of  data  can  be  changed  in  the  master  due  to  a change  of 
blade,  the  use  of  trim  save  cards,  etc.,  for  all  the  cases  to  follow. 

This  block  of  data  is  easily  identified  and  removed  at  the  end  of  a series 
of  cases.  Hence  the  integrity  of  the  master  data  is  readily  maintained. 


The  RA  system  also  permits  using  the  E format  readin  for  data,  flags, 
summation  integers,  etc.  The  internal  equivalence  within  REX.OR  converts 
the  numbers  to  the  type  actually  needed.  The  inputs  may  even  simultane- 
ously be  a flag  and  a physical  constant. 


BLANK 


BLANK 


MASTER 


Figure  3-1.  Minimum  Configuration 


CARO  COLUMNS 


12  3 4 5 6 7 

1 2 345678 90123456 7890 123456 7 8 90 L 2 34567890 12  3456  7890 1234 56 78901234 567 89012 


8888 


1 

S - 58  VEHICLE  DATA 

31 

1000. 

32 

180. 

36 

24. 

45 

48 

W 

0. 

1. 

3. 

143 

144 

1. 

-1. 

150 

4. 

151 

154 

0. 

1 . 

1.01 

8. 

171 

174 

0. 

0. 

0.  042 

0.  042 

■•74 

-2.4 

267 

289 

1. 

.05 

.1 

301 

1.0 

302 

316 

2.00000E 

00  3.00000E 

00  4.00000E 

00  l.OOOOOE 

1.  20000E 

01  5.00000E 

00  8.0Q000E 

00  9.0C0C0E 

7.90000E 

01  5.  30000E 

01  5.500006 

01  5.6G000E 

50 

372 

297 

1498 

36 

9999 


01  ic  10000E  01 

00  6.00000E  00 

01  8.00000E  01 


1474 
375  377 
298 

7777 

1 


1.0 

1.0 

1.0 


1.0 


1.0 


END  OF  MASTER  DATA 
THIS  IS  A BLADE  OATA  SET 
9-08-75  SIKORSKY  H-34  BLADE  REXOR 


SIMULATION  MODEL 


82 

84 

0.5494E 

01 

0.2385E 

02 

0.6229E 

02 

501 

505 

0.1450E 

01 

0.2  75  0E 

01 

0. 5500E 

01 

0. 7500E 

01 

0.9500E 

01 

506 

510 

0.1200E 

02 

0.1375E 

02 

0. 1575E 

02 

0.  1875E 

02 

0.2150E 

02 

511 

513 

0.2400E 

02 

0.2575E 

02 

0.2800E 

02 

5' 

545 

0.17446 

01 

0.29286 

00 

0.  1009E 

00 

0. 1622E 

00 

0-1644E 

00 

546 

550 

0.1596E 

00 

0.1689E 

00 

0.1784E 

00 

0. 1540E 

00 

0.  1578E 

00 

551 

553 

0.18  566 

00 

0.  153  7E 

00 

0.2670E 

00 

761 

765 

0 .0 

0.6400E- Ol 

0.  1648E 

00 

0.  2383E 

00 

0.3120E 

00 

766 

770 

0.4044E 

00 

0.4692  E 

00 

0.5435  E 

00 

0.6550E 

00 

0.7575E 

00 

771 

773 

0.  8507E 

00 

0.9160E 

00 

0. IQOOE 

01 

END 

OF  BLAOE 

data 

i SET 

5801. 

.6 

21.0 

0.0 

4.0 


END  OF  CASE  DATA 


Figure  3-3.  Data  Deck  Card  Image  Example 


3.2 


THE  RA  SET  (COMPLETE  NUMERICAL  LIST) 

The  listing  which  hollows  (Table  3-1)  is  designed  primarily  as  a memory 
aid  for  the  experienced  user.  Only  a brief  description  of  each  input  is 
given.  The  user  is  advised  to  consult  Section  3.3,  which  categorizes  the 
inputs  into  logical  groups  and  supplies  comprehensive  information  as  to 
each  input’s  use. 

The  following  table  includes: 

» the  relative  address  (RA) 

• the  equivalenced  FORTRAN  name 

• a brief  description 

• units,  if  applicable 

• typical  values. 

For  the  sake  of  completeness,  addresses  which  aie  not  currently  used  are 
indicated  as  OPEN.  Program  variable  dimension  information  is  included 
where  applicable.  A row  of  *****  indicates  the  input  is  used  by  the 
program  directly  as  a RA  constant  without  being  equivalenced  to  a FORTRAN 
name.  Parenthesis  after  the  FORTRAN  name  encloses  the  diminsions  of  that 
name. 

A reverse  directory,  Table  3-2,  is  given  to  aid  in  finding  the  RA  number 
when  the  FORTRAN  name  is  known. 


3.3  PROGRAM  OPERATION  VIA  INPUT 

The  following  is  a narrative  guide  to  the  inputs  listed  in  Section  3.2. 
The  input  data  are  discussed  in  logical  groups  which  bring  out  the  inter- 
relationship of  the  various  inputs  as  well  a:  giving  details  as  to  the 
nature  of  each  input. 

Before  proceeding  some  words  of  caution  are  given.  The  program  has  been 
used  primarily  for  analyzing  helicopters  employing  Lockheed's  rigid  rotor 
concept  with  a control  gyro  featuring  flap  bending  feedback.  Limited 
application  of  the  program  has  been  made  to  a four-bladed  articulated  and 
a two-bladed  teetering  rotor.  The  adapting  of  the  program  to  other  con- 
figurations may  generate  a complete  new  set  of  inputs.  Program  modifica- 
tions may  be  required,  and  a debugging  process  expected.  The  logic  is 
complex  and  new  logic  paths  may  be  opened  with  unsatisfactory  results. 
Numerics  may  be  a problem.  In  other  words,  the  program  should  r.^t  be 
expected  to  be  polished  and  readily  adaptable  to  a variety  of 
configurations . 
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TABLE  3-1.  INPUT  DATA/RELATIVE  ADDRESS  TATLE 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A  PROGRAM  DESCRIPTION  SAMPLE  UNITS 

SYMBOL  VALUE 

1 115)  TITLE  CARO  I 

2 
3 
A 

5 

6 

7 

8 
9 

10 
11 
*2 

13 

14 

15 

16  IIS)  TITLE  CARD  2 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 
2" 

29 

30 


31 

XCSMAX 

MAX.  LONG.  STICK  TRAVEL 

1 ,0C  OOE 

03 

FT 

3? 

AZT 

NO.  OF  COMPUTATION  POINTS/REV 

1 .8  O'  OE 

02 

DURING  TRIM 

33 

TRIMO  13) 

ROTOR  ROLL  MOMENT  (TRIM) 

♦ RT 

0.0 

FT-LB 

34 

ROTOR  PITCH  MOMENT  ITPIHWN 

I.UP 

0.0 

FT-LB 

35 

ROTOR  ShAFT  LIFT  ITRIM) 

♦ UP 

0.0 

LB 

36 

TCUT 

MAX  REVOLUTIONS  TO  TRIM 

4.0000E 

00 

37 

OPEN 

0.0 

36 

BET 

SIDESLIP  ANGLE 

♦ RT 

o 

• 

o 

RAD 

39 

OPEN  13) 

0.0 

40 

0.0 

41 

0.0 

S-5  0 
DATA 


TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

SYMBOL 

DESCRIPTION 

SAMPLE 

VALUE 

UNITS 

<►2 

HARDSP 

HARD  SWASt*LATE  OPTION 
IF  *1*  NO  SP  0.0. F. 

l.OOOOE  00 

43 

OPEN 

0.0 

44 

NSDATA 

BLADE  SECTION  AERO  FLAG 
0 = TABLE  ,1  =L  INEAR 

0.0 

45 

CRSFG 

CONSTANT  ROTOR  SPEED  FLAG 
1 *CONST . ROTOR  SPEEO 

l.OOOOE  00 

46 

ICONTR 

MASS  MATRIX  PRINT  FLAG.  0*0FF, 
1 =QN.  1ST  PT.  TRIM  AND  FLY 

0.0 

47 

IPUNCH 

PUNCH  A TRIM  RESTART  DATA  DECK 
0 = 0FF  1 =ON 

l.OOOOE  00 

48 

I PLOT 

PLOT  FLAG,0*N0NE»1*TR1M»2*FLY» 
3=B0TH,4=SPEC  IAL  FI  Y PLOT 

3.0000E  00 

49 

IPR INT 

PRINT  EVERY  COMP.  POINT  FOR 
1ST  REV  OF  TRIM.  0*0FF  l=ON 

0.0 

50 

CASE 

CASE  NO. 

5.6020E  03 

51 

NA2 

NO.  OF  POINTS/REV.  IN  FLY 

2 .4  000E  02 

52 

0 

MAIN  ROTOR  SPEED 

2.3210E  01 

RAD/SEC 

53 

BP 

PROPELLER  BLADE  ANGLE,  ♦THRUST 

0.0 

RAD 

54 

A IS 

LATERAL  CYCLIC  ♦N.DN 

7 .6  3C1E-02 

RAD 

55 

BIS 

LONGITUDINAL  CYCLIC  ♦N.DN 

6.1 31BE-02 

RAD 

56 

THO 

COLLECTIVE  ♦THRUST 

« 2.3560E-01 

RAD 

57 

THOTR 

TAIL  ROTOR  COLLECTIVE  ♦THRUST 

9.1  368E-02 

RAO 

58 

ALPHA 

ANGLF  OF  ATTACK  ♦N.UP 

-5.06B4E-02 

RAD 

59 

PHI 

BAW  ANGLE  ♦RT 

-1 .481BE-01 

RAD 

60 

SNGBLF 

SINGLE  BLADE  FLY  OPTION 
0 = OFF , 1=LN 

0.0 

61 

GINT 

GYRO  CO.  SUB- INTEGRATION 
INTERVAL  MULT.  FACTOR 

0.0 

62 

VT 

TRAJECTORY  velocity 

1.2300E  02 

FT/SEC 

Continued 


^fcSdssdlbSil 


• _2s 


R/A  PROGRAM 
SYMBOL 


63  GAMMA 


64  OPEN 


66  W I MR 


66  PIMR 


67  0 IMR 


68  OPEN 


69  GLCON 


70  GMCON 


71  WIMRD 


?2  PIMRD 


73  QIMRD 


74  WIMRN1 


75  PIMRN1 


76  OIMRNl 


77  A IT  R 


78  WITR 


79  OPEN 


80  TAU 


88  TH1 


86  OPEN  <4» 

87 

88 
89 


TABLE  3-1 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


DESCRIPT  ION 


SAMPLE 

VALUE 


UNITS 


FLIGHT  PATH  ANGLE 


♦CLIMB  0.0 


VERTICAL  DOWNWASH 


♦ DN  9.4481E  00  FT/SEC 


ROLL  00 WASH 


*RT  -7.4B34E--03  RAD/SEC 


PITCH  DOWNWASH 


♦N.UP  -6.2103E-03  RAD/SEC 


SWP  ROLL  CONTROL  MOMENT  ♦RT  0.0 


SWP  PITCH  CONTROL  MOMENT  N.UP  0.0 


FT-LB 


D/DT  OF  V IMR 


D/DT  OF  PiMR 


D/DT  OF  QIMR 


BACKVALUE  OF  WIMR 


BACKY  LUE  OF  PIMR 


BACKVALUE  OF  QIMR 


TAIL  ROTOR  LONG.  FLAP  ANGLE 


3.8492E-02 


TAIL  ROTOR  DOWNWASH 


♦LT  1.5680E  01  FT/SEC 


TRIM  CONTROL  TILE  CONSTANT 


1 .OOOOE  -02 


MAIN  ROTOR  RADIUS 


2.B000E  01 


BLADE  BENDING  NAT.  FREO. 
UStD  IN  HARMONIC  TRIM 


5.4  940E  00  RAD/SEC 


2.3  850E  01 
6.2290E  01 


RAD/SEC 

RAD/SEC 


TOTAL  BLADE  TWIST  ♦N.UP  AT  TIP  -1  .3  9 60E-0I 


TABLE  3-1  - C\  '•'.t  iriued 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

90 

I P I TC  H 

STICK  DESENSITIZER  AND  PITCH 
ROLL  DECOUPLER. 0*0FF, 1=0N 

o 

• 

o 

91 

FMASS 

FUSELAGE  MASS 

3.4000E  02 

SLUG 

92 

ENDM2Z 

ENGINE  TRIM  TOROUE 

0.0 

FT-LB 

93 

H * — ?F 

HEIGHT  ABUVE  GROUND 

1 .OOOOE  03 

FT 

94 

OPEN  (2) 

0.0 

95 

0.0 

96 

HF 

DISTANCE  FROM  FUSELAGE  AXIS 
HUB  *UP 

TO 

8. OOOOE  00 

TT 

97 

STR 

TAIL  FIN-ROTOR  BLOCKAGE  FACTOR 

8 .50C0E-01 

98 

SLTR 

DISTANCE  FROM  FUSELAGE  AXIS 
TAIL  ROTOR  -kAFT 

TO 

3.3000E  0 1 

FT 

99 

OPEN  (21 

0.0 

100 

0.0 

101 

SLHS 

DISTANCE  FROM  FUSELAGE  AXIS 
HOPISONTAL  TAIL  ♦AFT 

TO 

2.8  000E  0 1 

FT 

102 

SLVS 

DISTANCE  FROM  FUSELAGE  AXIS 
VERTICAL  TAIL  +AFT 

TO 

3. OOOOE  01 

FT 

103 

HVS 

DISTANCE  FROM  FUSFL AGE  AXIS 
VERTICAL  TAIL  *UP 

TO 

2. OOOOE  00 

FT 

104 

EDIT 

NEW  DATA  DECK  OPTION 
0=UFF,.NE .0*0N 

0.0 

105 

OPEN 

O 

• 

o 

106 

ETAE 

EOUIVALFNT  VELOCITY  RATIO 
AT  TAIL 

9 .OOOOE— 0 1 

107 

OPEN  (21 

0.0 

108 

0.0 

109 

RHO 

AIR  DENSITY 

Z.0  500E-03 

SLUG/FT3 

110 

CORO 

MAIN  ROTOR  BLADE  CORO 

1.3  670E  00 

FT 

111 

SMALLA 

LINEAR  AERO  COEFF.  DC L/D ALPHA 

O 

• 

o 

1/RAD 

112 

OELTO 

LINEAR  AERO  COEFF.  COO 

o 

• 

o 

22 


TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALl>£ 

113 

0ELT2 

LINEAR  AERO  COEFF.  OCL/OALPHA2 

0.0 

1/RAD2 

114 

FCF 

FEATHER  FRICTION 

0.0 

FT-LB 

115 

RLF 

FEATHER  STICTIOM  BREAK  POINT 

0.0 

RAD/SEC 

116 

FCG 

SWASHPLATE  FRICTION 

0.0 

LB 

117 

RLG 

SWASHPLATE  STICTION  BREAK 
POINT 

0.0 

RAD/SEC 

118 

IZZG 

SWASHPLATE  POLAR  MOMENT  OF 
INERTIA 

5 . 0 000E  00 

SLUG-FT2 

119 

CHI 

CONTROL  TO  SWP  PHASE  ANGLE 
1+)  SWP  LEADS  CONTROL 

-5 . B 200F-0 i 

RAD 

120 

OPEN  (3) 

0.0 

121 

0.0 

122 

0.0 

123 

QKXCS 

SPRING  CONSTANT, LONG.  STICK 
OR  GEAR  RATIO 

3.5  90OE—0 1 

FT-LB/FT 

124 

QKYCS 

SPRING  CONSTANT, LAT.  STTCY 
OR  GEAR  RATIO 

2.3900E-01 

FT-LB/FT 

125 

BETAG 

PITCH  HORN  LEAD  AZIMUTH 
<♦)  P.H.  FWD  OF  BLADE 

5.B2O0E-O1 

RAD 

126 

OPEN  (21 

0.0 

127 

0.0 

12» 

HUB  L 15) 

I N HOARD  BEARING  STATION 

1.5420E  00 

FT 

129 

DIST.  BETWEEN  FEATH.  BEARINGS 

5.4170E-01 

FT 

130 

NOT  USED 

0.0 

131 

NOT  USED 

0.0 

132 

NOT  USED 

0.0 

133 

NGORF 

GROUND  RUN  OR  FREE  FLY  FLAG 
0 = FR E E FLY,  1 = FIXED  SHAFT 

0.0 

134 

CYCFLG 

FLY  PLOT  SCALE  FLAG  ,R  AC296  ) 
0 = SfcC/1 N,1=CYCLES/IN 

0.0 

135 

OEOOA 

3E/D1ALPHA)  AT  TAIL  FROM  WING 

0.0 

136 

£ 

PITCH  HORN  LENGTH 

1 .OOOOE  00 

FT 

137  QKG71 


SWP  VERTICAL  SPRING  RATE 


0.0 


LB/FT 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

171 

PXCS 

( 20  1 

P I LOT 

LONG.  STICK  DISPLACEMENT 

o 

• 

o 

FT 

( ♦)  APT 

172 

0.0 

FT 

1 75 

4.2000E-02 

FT 

1 74 

4.2  OOOE-02 

FT 

175 

0.0 

FT 

176 

0.0 

FT 

177 

0 .0 

FT 

1 78 

0 .0 

FT 

179 

' 

0 .0 

FT 

180 

0.0 

FT 

181 

0.0 

FT 

182 

0 .0 

FT 

183 

0.0 

FT 

184 

0.0 

FT 

185 

0.0 

FT 

186 

0.0 

FT 

187 

0.0 

FT 

168 

0.0 

FT 

189 

0.0 

FT 

190 

0.0 

FT 

191 

PYCS 

(20) 

P 1 LOT 

LAT.  STICK  DISPLACEMENT 

0 .0 

FT 

(■*  ) RT 

192 

0.0 

FT 

193 

0.0 

FT 

194 

0.0 

FT 

195 

0.0 

FT 

196 

0.0 

FT 

197 

0.0 

FT 

198 

0.0 

FT 

199 

0.0 

FT 

200 

0 .0 

FT 

201 

0.0 

FT 

202 

0.0 

FT 

203 

0.0 

FT 

204 

0.0 

FT 

205 

0 .0 

FT 

206 

0 .0 

FT 

207 

0.0 

FT 

208 

0.0 

FT 

209 

0.0 

FT 

210 

0 .0 

FT 

211 

PTHG 

(20) 

PILOT 

COLLECTIVE  INPUT 

o 

. 

o 

RAD 

(♦)  THRUST 

2 12 

0.0 

RAD 

213 

0.0 

RAD 

214 

0.0 

RAD 

2 IS 

0.0 

RAD 

TABLE  3-1  - Continued 


INPUT 

DATA  /RELATIVE 

ADDRESS  TABLF 

R/A 

PROGRAM 

DtSCR 1 PT ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2 16 

0.0 

RAD 

217 

0 .0 

RAD 

?1« 

0.0 

RAD 

219 

0 .0 

RAD 

220 

0.0 

RAD 

221 

0.0 

RAD 

222 

0 .0 

PAD 

223 

0.0 

RAD 

2 24 

0.0 

RAD 

225 

0 .0 

RAD 

226 

0.0 

RAD 

227 

0.0 

RAD 

228 

0.0 

RAD 

229 

0.0 

RAD 

230 

0.0 

RAD 

231 

P THOTP  ( 20  ) 

PILOT  TAIL  ROTOR  COLL.  INPUT 

o 

• 

o 

RAD 

(♦1 

THRUST 

232 

0.0 

RAD 

233 

0.0 

RAD 

2 34 

0.0 

RAD 

235 

0.0 

RAD 

236 

0.0 

RAD 

237 

0.0 

RAD 

23B 

0.0 

RAD 

239 

0.0 

RAD 

240 

0.0 

RAD 

241 

0.0 

RAD 

242 

0.0 

RAD 

243 

0.0 

RAD 

244 

0.0 

RAD 

245 

0.0 

RAD 

246 

0.0 

RAD 

2 47 

0 .0 

RAD 

24H 

0.0 

RAD 

249 

0 .0 

RAD 

250 

0.0 

RAD 

251 

PBP 

(20  1 

PILOT  PROP.  BLADE 

ANGLE  INPUT 

o 

• 

o 

RAD 

(♦» 

THR  UST 

252 

0.0 

RAO 

253 

0.0 

RAD 

254 

0.0 

RAD 

2 55 

0.0 

RAO 

256 

0.0 

RAD 

257 

0.0 

RAD 

258 

0.0 

RAD 

259 

0.0 

RAD 

260 

0.0 

RAD 

261 

0.0 

RAD 

4 


TABLE  3-1  - Continued 


INPUT  DATAAELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

262 

0.0 

RAD 

263 

0.0 

RAD 

264 

0.0 

RAD 

265 

0.0 

RAD 

266 

0.0 

RAD 

267 

0.0 

RAD 

268 

0.0 

RAD 

269 

0.0 

RAD 

2 70 

0.0 

RAD 

271 

0060 

SWP  TO  FEATHER  GEAR  RATIO  AT 
ZERO  COLLECTIVE 

1 .OOOOE  00 

272 

006  1 

VARIATION  OF  D/E - MI TH  COLL. 

0.0 

1/RAD 

273 

6KSPT 

SHAFT  BINDING  FLEXIBILITY 

0.0 

274 

YTR 

TAIL  ROTOR  LATERAL  OFFSET  *RT 

—2 .40006  00 

FT 

275 

FBL1I 

(2,2) 

FEATHER  BEARING  INPL.  MODE 

1 .9810E-02 

INBOARD  Y DISPL  ♦FMD 

276 

INBOARD  Z OISPL  *DN 

-3.7420E-05 

2 77 

OUTBOARD  Y DISPL  ♦FMD 

3.9620E-02 

278 

OUTBOARD  Z DISPL  *DN 

-7.4  900E-05 

279 

FBL  IF 

(2,2) 

FEATHFR  BEARING  1ST  FLAP  MODE 

-4.1  770E-0  5 

280 

1 .9610E-02 

281 

-8 .3  5 80E-0  5 

2 82 

3 .9  230E-02 

283 

F0L2F 

(2,2) 

FEATHER  BEARING  2ND  FLAP  MODE 

-1 .0  040E-0  2 

2 84 

-Z . 9 B80E-0  2 

285 

-2.0070E-02 

2 86 

-7 .9  750E-02 

287 

TC 

( 5) 

OOWNWASH  TIME  CONSTANT  (TRIM) 

1 .00006  00 

SEC 

288 

DOWNWASH  TIME  CONSTANT  (FLY) 

5. OOOOE -02 

SFC 

289 

TR  FLAP  TIME  CONSTANT 

1 .OOOOE-Ol 

SEC 

290 

SHAFT  BENDING  TRIM  TIME  CONST 

0.0 

SEC 

291 

NOT  UStO 

0.0 

292 

TCX 

PILOT  LONGITUDINAL  ACTUATOR 
TIME  CONSTANT 

2 . 5 OCOE-O  2 

SEC 

293 

TCY 

PILOT  LATERAL  ACTUATOR  TIME 
CONSTANT 

2 .5  000E-02 

SEC 

294 

T X S 

FEATHER  SPRING 

0.0 

FT-LB/RD 

295 

PR  I 

SPECIFIED  TRIM  ROLL  RATE  + RT 

0.0 

RAD/SEC 

r*  -W 


ffSSpE  »*fK-VW 


TABLE  3-1 


Continued 


INPUT  DATA/^ELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

OESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2 96 

OR  1 

SPECIFIED  TRIM  PITCH  RATE  + UP 

0.0 

RAD/SEC 

297 

OSTAF 

BL.STA.  FOR  EFFECTIVE  SWEEP 
ANO  DROOP  OUTPUT 

2.1000E 

01 

FT 

298 

TSClt 

PLOT  SCALE  FACTOR  (ABSCISSA) 
UNITS  PER  INCH  OF  PLOT 

1 .OOOOE 

00 

299 

NVARl 

NO.  PARAMS.  TO  BE  PLOTTED  IN 
TR  IM 

3 .OOOOE 

01 

300 

NVAR2 

NO.  PARAMS.  TO  BE  PLOTTED  IN 
FLY 

5 .OOOOE 

01 

301 

NVEC1  (401 

COOE  NO.  OF  PARAM.  TO  CE 
PLOTTED  IN  TRIM 

1 .OOOOE 

00 

302 

2 .OOOOE 

00 

303 

3,  OOOOE 

00 

304 

4 .OOOOE 

00 

305 

1 .OOOOE 

01 

306 

1 . 1 000 E 

01 

307 

1 .2  OOOE 

01 

3C8 

5 .OOOOE 

00 

309 

8. OOOOE 

00 

310 

9. OOOOE 

00 

311 

6. OOOOE 

00 

312 

7. 9 OOOE 

01 

313 

5 .3  OOOE 

01 

314 

5.5  OOOE 

01 

315 

5 . 60C0E 

01 

316 

R .OOOOE 

01 

317 

1 . 3 OOOE 

01 

318 

9. OOOOE 

01 

319 

8 .1  OOOE 

01 

320 

4 .7  OOOE 

01 

321 

7. OOOOE 

00 

322 

8 . 5 OOOE 

01 

323 

8 .6  OOOE 

01 

324 

8 . 7 OOOE 

01 

375 

8 .8  OOOE 

01 

326 

8 .9 OOOE 

01 

377 

I .4  OCOE 

01 

328 

1 .5 OOOE 

01 

329 

5.1  OOOE 

01 

330 

5. 2 OOOE 

01 

331 

0.0 

332 

0.0 

333 

0.0 

334 

0.0 

335 

0.0 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRI PT ION 

SAMPLE 

SYMBOL 

VALUE 

336 

0.0 

337 

0.0 

338 

0.0 

339 

0 .0 

360 

0.0 

361 

OPEN 

0 .0 

362 

QKXCSG 

LONG.  STICK  SPRING  FOR  CONTROL 
GYRO  COMMAND 

0.0 

363 

QKYCSG 

LAT.  STICK  SPRING  FOR  CONTROL 
GYRU  COMMAND 

0.0 

366 

PS1PG 

S HP  ACTUATOR  PHASE  ANGLE 
CONTROL  GYRO  SIMUL. 

0.0 

365 

CHIG 

STICK— TO-GYRO  PHASE  ANGLE 
!♦»  GYRO  LEADS  STICK 

0.0 

366 

COB  L 

Z-DISPL  UF  BLADE  COORD  SYSTEMS 
REL.  TO  ROTOR  SYSTEM 

0.0 

367 

MUB 

GYRO  UNBALANCED  MASS 

0.0 

368 

PXPZ 

X-OFFSET  OF  UNBALANCED  GYRO 
MASS  (♦)  FWO 

0 .0 

369 

PYP2 

Y-OFFSfcT  OF  UNBALANCED  GYRO 
MASS  (♦)  RT 

0 .0 

350 

IZZGR 

GYRO  POLAR  INERTIA 

0.0 

351 

TAUACT 

SWP  ACTUATOR  TIME  CONST  FOR 
CONTROL  GYRO  SIMULATION 

0.0 

352 

GSKL 

GYRO  SPRING, ROLL  AXIS 

0 .0 

353 

GSOL 

GYRO  SPRING, ROLL-PITCH 
COUPLING 

0.0 

356 

GFODL 

GYRO  DAMPER, ROLL-PITCH 
COUPLING 

0.0 

355 

GSKM 

GYRO  SPRING, PITCH-ROLL 
COUPLING 

0.0 

UNITS 


FT-LB/FT 

FT-LB/FT 

RAD 

RAD 

FT 

SLUG 

FT 

FT 

SLUG-FT2 

SEC 

FT-LB/RD 

FT-LB/RD 

F-LB/R/S 

FT-LB/RD 


356  GSDM 


GYRO  SPRING  .PITCH  AXIS 


0.0 


FT-LB/RD 


m- 


R/A  PROGRAM 
SYMBOL 

357  GFKDM 


358  GFDDM 

359  GFKDL 

3 GO  IZZGNR 

361  1 XXG 

362  GRK 

363  GRO 

364  XTHTF 

365  YPH1F 

366  HMASS 

367  OPEN  (At 

368 

369 

370 

371  ClAG 

372  XFBAR 

373  YEBAR 

374  ZFBAR 

375  FKS 

376  K.PHCON 

377  KTHCON 

378  CPHDSP 
37V  CTHOSP 


TABLE  3-1  - Continued 

INPUT  OATA /RELATIVE  ADORESS  TABLE 
DESCRIPT JON 


SAMPLE 

VALUE 


GYRO  DA  W>ER,  PITCH-ROLL  0.0 

COUPLING 

GYRO  DAMPER, PITCH  AXIS  0.0 

GYRO  DAMPER, ROLL  AXIS  0.0 

GYRO  POLAR  INERTIA,  0.0 

NON-ROTAT ING 

SWP  ROLL  INERTIA  0.0 

GYRO  ROLL-TO-SWASHPLATE  GEAR  0.0 

RATIO 

GYRO  PI TCH-TO-SWASHPL  ATE  GEAR  0.0 

RATIO 

PARTIAL (X-f US EL  AGE/TH FTA -SHF T 1 0.0 

PARI IAL (Y-FUSELAGE/PH I— SHAFT ) 0.0 

MASS  OF  THE  HUB  l.OOOOE  01 


UNITS 

F-LB/R/S 

F-LB/R/S 

F-LB/R/S 

SLUG-FT2 

SLUG— FT2 


INPLANE  LAG 

DAMPER 

CONSTANT 

2.5722E  04 

F-LB/R/S 

CG  LOCATION 

IN 

XF 

♦ FWD 

6 .0  OOOE-0 1 

FT 

FUSELAGE 

YF 

*RT 

0.0 

FT 

COORDINATES 

ZF 

♦ DN 

0.0 

FT 

SHAFT  BENDING  SPRING 

1 .OOOOE  00 

FT-LB/RD 

SWASHPLATE 
IN  CONTROL 

SPRING 

AXIS 

(ROLL) 

l.OOOOE  00 

FT-LB/RD 

SWASHPLATE 
IN  CONTROL 

SPRING 

AXIS 

(PITCH) 

1 .OOOOE  00 

FT-LB/RD 

SWASHPLATE 
IN  CONTROL 

DAMPER 

AXIS 

(ROLL) 

0.0 

F-LB/R/S 

SWASHPLATE 
IN  CONTROL 

OAHPER 

AXIS 

(PITCH) 

0.0 

F-LB/R/S 

I 


TABLE  3-1  - Continued 


INPUT  DATA /RELATIVE  ADORESS 

TABLE 

R/A  PROGRAM 

DESCRI  PTION 

SAMPLE 

UNI 

SYMBOL 

VALUE 

380  OPEN  ( 15  » 

0.0 

381 

0.0 

382 

0.0 

383 

0.0 

384 

0.0 

385 

0.0 

386 

0.0 

387 

0.0 

388 

0.0 

389 

0.0 

390 

0.0 

391 

0 .0 

392 

0.0 

393 

0.0 

394 

0.0 

395  KFPHG 

GYRO  STICHON 

o 

• 

o 

LB 

396  RFBL 

RADIUS  AT  INBOARD  END  OF 

0.0 

FT 

FEEDBACK  LEVER 

397  PSIFBL 

AZIMUTH  INBOARO  END  OF 

0.0 

RAD 

FEEDBACK  LEVER.  LEADS  BLADE 

398  CAPHI S 

SHAFT  TO  SWP  COUPLING 

o 

• 

o 

399  I FLEX 

SHAFT  BENDING  FLAG 

o 

• 

o 

0 = 0FF  . 1 =0N 

*00  OPEN  (37) 

0.0 

401 

0 .0 

402 

0 .0 

403 

0.0 

404 

0.0 

405 

0.0 

4 06 

0 .0 

407 

0 .0 

408 

0.0 

409 

0.0 

410 

0.0 

411 

0.0 

412 

0 .0 

413 

0.0 

414 

0 .0 

415 

0.0 

416 

0.0 

417 

0 .0 

418 

0.0 

419 

0 .0 

420 

0.0 

TABLE  3-3 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

YALUE 

421 

0.0 

422 

0.0 

423 

0.0 

4 24 

0.0 

425 

0.0 

426 

0.0 

427 

0.0 

428 

0.0 

429 

0.0 

430 

0.0 

431 

0.0 

432 

0.0 

433 

0.0 

4 34 

0.0 

4 34 

0.0 

436 

0.0 

437 

XCPDL 

MAX. LONG. STICK  ACTUATOR  RATE 
LIMIT 

1 .0  OOOE  0 3 

FT/SEC 

438 

YCPDL 

MAX. LAT. STICK  ACTUATOR  RATE 
LIMIT 

l.OOOOE  03 

FT/SEC 

43^ 

OPEN 

O 

• 

o 

44C 

FAST 

SINGLE  BLADE  TRIM  FLAG 
0=0FF, l=ON 

o 

• 

o 

441 

FMN 

( 1,  1) 

BODY  AIRLOADS  COEFF  MATRIX 
FX  DUE  TO  ASYMMETRY  *FWD 

0.0 

442 

(2*1) 

FY  DUE  TO  ASYMMETRY  + RT 

0.0 

443 

(3,11 

FZ  DUE  TO  ASYMMETRY  ♦ DN 

0 .0 

444 

(4,1) 

MX  DUE  TO  ASYMMETRY  + RT 

0.0 

446 

(5,1) 

MY  DUE  TO  ASYMMETRY  ♦ N.UP 

0 e 0 

446 

(6,1) 

MZ  DUE  TO  ASYMMETRY  ♦ N.RT 

0.0 

447 

FMN 

(1,2) 

LOADS  DUE  TO  OUADRATJC 
SIDESLIP 

0.0 

448 

0 .0 

440 

0,0 

450 

0.0 

451 

0.0 

452 

0.0 

453 

FMN 

( 1,3) 

LOADS  OUE  TO  LINEAR  SIDESLIP 

0 .0 

454 

-2 .0 OOOE -01 

4 55 

0.0 

456 

0.0 

457 

0.0 

458 

0.0 

'."ABLh  j-1 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBC1 

VALUE 

459 

FMN 

(1,4) 

LOADS  DUE  TO  MING  ROLL  DAMPING 

0 .0 

460 

0.0 

461 

0 .0 

462 

0.0 

463 

0.0 

464 

0.0 

465 

FMN 

( 1,5) 

LOAOS  DUE  TO  HORIZONTAL  TAIL 

0.0 

466 

0.0 

467 

-3 .6  OOOE— 0 2 

468 

0.0 

469 

-l.OOOOE  00 

470 

0.0 

471 

FMN 

( 1,6) 

LUADS  DUE  TO  VERTICAL  TAIL 

0.0 

472 

-5  .9  OOOE— 02 

473 

0.0 

474 

0.0 

VT5 

0.0 

476 

1.6700E  00 

477 

OPEN 

(13) 

0.0 

478 

0 .0 

479 

0.0 

480 

0 .0 

481 

0.0 

482 

0.0 

483 

0.0 

484 

0.0 

485 

0.0 

4 86 

0.0 

487 

0 .0 

488 

0.0 

489 

0.0 

990 

IAMCS 

FLAG  FOR  AMCS  (ISOLATED  GYRO) 

0.0 

l = AMCS  SIMULATION 

491 

OPEN 

(3) 

0.0 

492 

0.0 

493 

0.0 

494 

YCSMAX 

LATERAL  STICK  TRAVEL  LIMIT 

l.OOOOE  03 

FT 

495 

OPEN 

(3) 

0.0 

496 

0.0 

497 

0.0 

498 

NR  AD 

NO.  OF  BLADE  STATIONS 

1.3  OOOE  01 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  PROGRAM 
SYMBOL 

499  NINC 

500  KSTART 

501  SX  <40 

50? 

503 

504 

505 

506 

507 
50R 

509 

510 

511 
51? 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

523 

524 

525 

526 

527 

528 

529 
5 30 

531 

532 

533 

534 

535 

536 

537 
5 3B 
5 39 

540 

541  OM  <4< 

542 

543 

544 
445 


DESCRIPTION 


STATION  INTERVAL  USED 


STARTING  STATION 


BLADE  STATION 


BLADE  DISTRIBUTED  MASS  SLUG/FT 


SAMPLE 

VALUE 

1 .OOOOE  00 

2.0000E  00 

1 .4500E  00 
2.7500E  00 
5.5000E  00 

7.5  000E  00 

9.5  000E  00 
1.2O0OE  01 

1 .3  750E  01 
1 • 5 750E  01 
1 .B750E  01 
2.1500E  01 

2 .4  000E  01 
2.5750E  01 
2.8000E  01 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.7440E  00 
2.9280E-01 
1 .0090E-01 
1 .6220E-01 
1 .6440E-01 


INPUT  DATA  A EL  AT  I VE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

SYMBOL 

VALUE 

546 

1.5960E-01 

547 

1 .6  B90E-0 1 

548 

1.7840E-01 

549 

1 .54001-01 

550 

1 . 5780E— 01 

551 

1 .6  560E-01 

552 

1.5370E-O1 

553 

2.6700E-O1 

554 

0.0 

555 

0.0 

556 

0.0 

557 

0.0 

558 

0.0 

559 

0.0 

560 

0.0 

561 

0.0 

562 

0.0 

563 

0.0 

564 

0.0 

565 

0.0 

5 66 

0.0 

567 

0.0 

568 

0.0 

50“ 

0.0 

570 

0.0 

5 71 

0.0 

572 

0.0 

573 

0.0 

5 74 

0.0 

5 75 

0.0 

576 

6.0 

5 77 

0.0 

578 

0.0 

579 

0.0 

580 

0.0 

581 

VEOl 

INITIAL 

AIR  SPEED  .LONG. 

STICK 

o 

• 

o 

DESENSI  TI  ZER 

582 

DVE01 

DEFINES 

TEC  TRANSITION 

FROM  NO 

o 

• 

o 

CORRECTION  TO  FULL  CORRECT. 

58-< 

VE02 

INITIAL 

AIRSPEED  PITCH-ROLL 

0.0 

DE-C  OLLIER 

584 

DVE  0? 

DEFINES 

TEC  TRANSITION 

RANGE 

o 

• 

o 

UNITS 


FT/SEC 

FT/SEC 

FT/SEC 

FT/SEC 


585  KXCS 


LONG. DESENSITIZE*  FEEDBACK 
RATIO 


0.0 


TABLE  3-1  - Continued 


H/A  PROGRAM 
SYMBOL 


506  KYCS 
587  KXPR 


588  XCS1 

589  XCS  2 


590  YCS 1 

591  PQENG 
59?  PQEOM 

593  KlPRM 

594  K2PRM 

595  TAUG 


596  OPfcN  <S) 

5 97 

896 

599 

6C0 


601  SY 


input  data/relative  address  table 
DESCRIPT  ion 


LAT.  DESENSITIZER  LIMIT 
TORQUE  VS  GEN.  SPEED  PATIO 
TORQUE  VS  ROTOR  SPEED  RATIO 
ACCEL.  FEEDBACK  GAIN 
SPEED  EEEDBACK  GAIN 
COMPRESSOR  TIME  CONSTANT 


BLADE  ELEMENT  C G L0^AT^ 
RELATIVE  TO  1/*  CHORD  ♦END 


SAMPLE 

VALUE 


LAT.  0ESENS1T1ZER  FEEDBACK 
RATIO 

R0LL-T0-P1TCH  STICK  FEEDBACK 
RATIO 

LONG.  OESENSITIZER  LIMIT 

long.  OESENSITIZER  PLUS  PITCH- 
ROLL  DECOUPLER  LIMIT 


UNITS 


FT/R/S 


FT 

P-LB/R/S 

F-LB/R/S 


-1  7 . ■i'-‘ sHr  v.ZJ V-vvi* 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

621 

0.0 

FT 

622 

0.0 

FT 

623 

0.0 

FT 

624 

0.0 

FT 

625 

0.0 

FT 

626 

0.0 

FT 

627 

0.0 

FT 

628 

0.0 

FT 

629 

0.0 

FT 

630 

0.0 

FT 

631 

0 .0 

FT 

632 

0.0 

FT 

633 

0.0 

FT 

634 

0.0 

FT 

636 

0.0 

FT 

636 

0.0 

FT 

637 

0.0 

FT 

638 

0.0 

FT 

639 

0.0 

FT 

640 

0.0 

FT 

641  PSITB  120) 

PILOT  ENGINE  SPEED 

0.0 

RAO/SEC 

t>42 

0 .0 

RAD/SEC 

643 

0.0 

RAD/SEC 

644 

0 .0 

RAD/SEC 

645 

0.0 

RAD/SEC 

646 

0.0 

RAD/SEC 

647 

0.0 

RAO/SEC 

648 

0.0 

RAD/SEC 

649 

0.0 

RAD/SEC 

660 

0.0 

RAD/SEC 

661 

0.0 

RAD/SEC 

652 

0.0 

RAD/SEC 

6 63 

0.0 

RAD/SEC 

654 

G.O 

RAO/SEC 

655 

0.0 

RAD/SEC 

656 

0.0 

RAD/SEC 

657 

0.0 

RAD/SEC 

658 

0.0 

RAD/SEC 

659 

0.0 

RAD/SEC 

660 

0.0 

RAD/SEC 

661  GLCN 

GYRO  ROLL  CONTROL  MOMENT 
TRIM  INITIALIZATION  ♦RT 

0.0 

ET-LB 

662  GMCN 

GYRO  PITCH  CONTROL  MOMENT 
TRIM  INITIALIZATION  ♦N.UP 

0.0 

FT -LI 

663  TEETER 


TEETERING  ROTOR  SIMULATION 


0.0 


TABLE  3-J  - Continued 

INPUT  DATA/RELAT1VE  ADDRESS  TABLF 

R/A 

PROGRAM 

OESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

664 

APH  1 

GAIN  FACTORS  IN  CONTROL  EO.S 
A-PHI 

0 .0 

665 

8 PH  I 

GAIN  FACTORS  IN  CONTROL  EQ,S 
B-PHI 

O 

• 

O 

666 

APS  I 

GAIN  FACTORS  IN  CONTROL  EQ.S 
A-PSI 

o 

• 

o 

667 

BPS  I 

GAIN  FACTORS  IN  CONTROL  EO.S 
B-PS1 

0.0 

668 

ATH 

GAIN  FACTORS  IN  CONTROL  EO.S 
A-THETA 

0 .0 

669 

RTH 

GAIN  FACTORS  IN  CONTROL  EO.S 
B -THETA 

O 

• 

o 

670 

ATC 

GAIN  FACTORS  IN  CONTROL  EO.S 

a-theta-c 

0.0 

671 

OPEN  (91 

0 .0 

672 

0 .0 

673 

0.0 

674 

0.0 

6 75 

0 .0 

676 

0.0 

677 

0.0 

670 

0.0 

679 

0.0 

680 

NMP  AT 

NO.  OF  AUTOPILOT  POINTS 

0.0 

681 

PTAUT Ci(  20  1 

AUTOPILOT  TIME 

0.0 

682 

0.0 

683 

0.0 

684 

G .0 

685 

0.0 

686 

0.0 

687 

0 .0 

688 

0.0 

689 

0.0 

690 

0.0 

691 

0.0 

692 

0.0 

693 

0.0 

694 

0.0 

695 

0.0 

696 

0.0 

697 

0.0 

TABLE  3-1 
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INPUT  OATA/RELATIVE 

ADDRESS 

TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE  UNITS 

SYMBOL 

VALUE 

745 

0.0 

746 

0.0 

747 

0.0 

746 

0.0 

740 

0.0 

750 

0.0 

751 

0.0 

75? 

0.0 

753 

0.0 

754 

0.0 

755 

0.0 

756 

0.0 

757 

0.0 

750 

0.0 

759 

0.0 

760 

0.0 

761 

BMS1I  (1,1) 

40  Y,  1NPLANL  MODE  ♦ 

FWL) 

0.0 

762 

6.4000E— 02 

76  3 

1 .6480E-01 

764 

2 . 3 830E-0 1 

765 

3.I200E-01 

766 

4.0440E-01 

767 

4.6920E— Ol 

7 66 

5.4350E-01 

769 

6.5  500E-0 1 

770 

7 .5  750E-0 1 

771 

8 .5  OTOE— 0 1 

772 

9 . 1 600F-0 1 

773 

1 . OOOOE  00 

774 

0.0 

775 

0.0 

776 

0.0 

777 

0.0 

776 

0.0 

779 

0.0 

760 

0 .0 

761 

0.0 

782 

0.0 

783 

0.0 

784 

0.0 

785 

0 .0 

766 

0.0 

7 87 

0.0 

i 88 

0.0 

789 

0.0 

790 

3.0 

791 

0.0 

792 

0.0 

703 

0.0 

TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

SYMBOL 

VALUE 

794 

0.0 

795 

0.0 

79fc 

0.0 

797 

0.0 

796 

0.0 

799 

0.0 

800 

0.0 

601 

6MS  11 

( 1.2) 

40 

Z i INPLANE  MODE  ♦ DN 

0.0 

802 

-1.2160E-04 

603 

-2  .4  8 80E-04 

804 

-2.6480E-04 

805 

-2  .5  100E-04 

606 

-2 . 1 lfcOE— 04 

807 

-1.7500E-04 

808 

-1.2740E-04 

809 

-4 . 3930E— 05 

810 

4.5  900E-05 

811 

1 .3410E-04 

812 

I .9B80E— 04 

813 

2.8  340E—04 

814 

0.0 

816 

0.0 

816 

0.0 

817 

0.0 

818 

0.0 

819 

0.0 

8 20 

0.0 

821 

0.0 

822 

0.0 

823 

0.0 

824 

0.0 

825 

0.0 

826 

0.0 

827 

0.0 

828 

0.0 

829 

0.0 

8 30 

0.0 

831 

0.0 

832 

0.0 

833 

0.0 

834 

0.0 

835 

0.0 

836 

0.0 

837 

0.0 

338 

0.0 

839 

0.0 

840 

0.0 

841 

BMS1I 

(1.3) 

40 

DY/DS.  INPLANE  MODE 

♦FWD  0.0 

UNITS 


TABLE  3-1  - Continued 


R/A 

PROGRAM 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 

DESCRIPTION  SAMPLE  UNITS 

SYMBOL 

VALUE 

842 

3.6  540E-02 

843 

3.6710E-O2 

844 

3 .6810E-02 

845 

3.6900E-02 

846 

3.7010E-02 

847 

3.7080E-02 

848 

3.7150E-02 

8 44 

3 .7  230E-02 

850 

3.728OE-02 

851 

3.7310E-02 

852 

3.7310E-02 

053 

3.7320E-02 

854 

0.0 

855 

o .0 

856 

.0 

857 

0 .0 

858 

0.0 

854 

0.0 

860 

0.0 

861 

0.0 

6 62 

0.0 

863 

0.0 

864 

0.0 

865 

0.0 

866 

0.0 

867 

0.0 

868 

0.0 

8 64 

0.0 

R 70 

0.0 

871 

0.0 

b72 

0.0 

873 

0.0 

874 

0.0 

8 75 

0.0 

876 

0.0 

877 

0.0 

8 78 

0.0 

874 

0.0 

880 

0.0 

881 

8MS11  ( It  4) 

40  DZ/DS,  INPLANE  MODE  ♦DN  0.0 

882 

-7.0  5 30E-05 

883 

-1  .9390E-05 

8 84 

2 .2  200E-07 

88* 

1 .0210E-05 

886 

1 .7  570E-0  5 

887 

2.1  OOOE-O  5 

888 

2.4570E-05 

884 

2.9270E-05 

840 

3 .3  500E-05 

'ABLE  3-1  - Continued 


INPUT  DATA^IEL  ATJVE  ADDRESS 

TABLE 

R/A 

PROGRAM 

DESCRIPT  IDN 

SAMPLE  UNITS 

SYMBOL 

VALUE 

891 

3 .6260E-05 

892 

3 .72 10E— 0 5 

893 

3.7550E-05 

894 

0.0 

895 

0.0 

896 

0.0 

897 

0.0 

898 

0.0 

899 

0.0 

900 

0.0 

901 

0.0 

902 

0.0 

903 

0 .0 

904 

0.0 

905 

0.0 

906 

0.0 

907 

0.0 

908 

0.0 

909 

0.0 

910 

0.0 

911 

0.0 

912 

0.0 

913 

0.0 

914 

0.0 

915 

0.0 

916 

0.0 

917 

0.0 

910 

0.0 

919 

0.0 

920 

0.0 

921 

0MS1F  (1*1) 

40  Y,  1ST  FLAP  MODE  ♦ FWO 

0.0 

922 

-1 .3  550E-04 

923 

-2.8  560E-04 

924 

-3.1 84GE-04 

925 

-3.1760E— 04 

926 

-2 . 8 940 E -04 

927 

-2 .54B0E-04 

928 

-2 .0  230E-04 

929 

-9.8390E— 05 

930 

2 .2  580E-0*> 

931 

1.5 120E-04 

932 

2.4840E-04 

933 

3 . 7700E-04 

934 

0.0 

935 

0.0 

936 

0.0 

937 

0.0 

938 

0.0 

939 

0.0 

INPUT  DATA  RELATIVE  ADDRESS 

TABLE 

R/A 

PROGRAM 

OfcSCRI PTION 

SAMPLE  UNITS 

SYMBOL 

VALUE 

0 40 

0.0 

941 

0 .0 

942 

0 .0 

94? 

0.0 

944 

0 .0 

945 

0 .0 

046 

0.0 

947 

0 .0 

948 

0 .0 

949 

0 .0 

950 

0.0 

951 

0.0 

9 52 

0 .0 

95? 

0.0 

954 

0.0 

955 

0.0 

956 

0.0 

957 

0.0 

058 

0.0 

9 59 

0.0 

960 

0.0 

961 

«MS1F  (1,2) 

40  Z,  1ST  FLAP  MODE  ♦ DN 

0.0 

962 

6 .3  370E-02 

063 

1 . 6 340E-0 1 

964 

2 .3  660E-0 1 

065 

3.1020E— Ol 

966 

4 .0  250E-0 1 

967 

4,6  730E-0 i 

968 

5.4 160E-0 1 

96° 

6.5  340F-0 1 

970 

7.5620E-01 

971 

8 .4  990E-01 

97? 

9.1 560E-01 

973 

l.OOOOC  00 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

SYMBOL 

VALUE 

9R9 

0.0 

990 

0.0 

991 

0.0 

992 

0.0 

993 

0.0 

999 

0.0 

995 

0.0 

996 

0.0 

997 

0.0 

996 

0.0 

999 

0 .0 

1000 

0.0 

1001 

BMS1P  (1,3)  90 

DY/OS,  1ST  FLAP  MODE 

♦FWD  0.0 

1002 

-7.8  3 70E-0  5 

1003 

-2.7  680E— 0 5 

1009 

-6 .9320E-06 

100.5 

5.7390E— 06 

1006 

1 .6650E-05 

1007 

2.2910E-05 

100H 

2.970OE-05 

1009 

3.966OE-05 

1010 

9.8  210E-05 

1011 

5.9  090E-05 

1012 

5 . 6320E— 05 

1013 

5.7 190E-05 

UNITS 


u 

J 


TABLE  3-J  - Continued 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION  SAMPLE 

UNITS 

SYMBOL 

VALUE 

1038 

0 .0 

1039 

0 .0 

1040 

0 .0 

1041 

BMS  IF 

( 1,4) 

40 

DZ/DS,  IS 7 ELAP  MODE  +DN  0.0 

1042 

3 .6  220E— 02 

1043 

3.6530E-02 

1044 

3 .6  700E-02 

1045 

3 .6850E-02 

1046 

3 .7000E-02 

1047 

3 .7 100E— 02 

1 C48 

3 . 7 200E-O2 

1049 

3.7330E-02 

1050 

3.7430E-02 

1051 

3 .7500E— 02 

1052 

3.7520E-02 

1053 

3.7530E-02 

10  54 

0.0 

1055 

0 .0 

1056 

0.0 

1057 

0.0 

1058 

0.0 

1059 

0.0 

1060 

0 .0 

1061 

0.0 

1062 

0.0 

1063 

0.0 

1064 

0.0 

1065 

0 .0 

1066 

0.0 

1067 

0.0 

1068 

0.0 

1069 

0.0 

1070 

0.0 

1071 

0.0 

1072 

0.0 

1073 

0.0 

1074 

0.0 

1075 

0.0 

1076 

0.0 

1077 

0.0 

1078 

0.0 

1079 

0.0 

1080 

0.0 

1081 

BMS2F 

(l'l) 

40 

Y * 2ND  FLAP  MODE  ♦ FWD  0.0 

1082 

-3.2  390E-02 

1083 

-7.9960E-02 

1084 

-1.0  82OE-01 

1085 

-1 , 2 P70E-0 1 

TABLE  3-1 


Continued 


INPUT  DATA/RELATIVE  ADDRESS 

TABLE 

R/A 

PROGRAM 

0ESCR1PT ION 

SAMPLE  UNITS 

SYMBOL 

VALUE 

1086 

-1.3  990E-01 

1087 

-1.3700E-01 

1088 

-1  .2190E-01 

1089 

-7 .2790E-02 

1090 

-2 .6070E-03 

1091 

7.8 100E-02 

1092 

1 .9  070E— 0 1 

1093 

2 .2910E— 01 

1099 

0.0 

1095 

0.0 

1096 

0.0 

1097 

0.0 

1098 

0.0 

1099 

0.0 

1100 

0.0 

1101 

0.0 

1102 

0.0 

1103 

0.0 

1109 

0.0 

1105 

0.0 

1106 

0.0 

1107 

0.0 

1108 

0.0 

1109 

0.0 

1110 

0.0 

1111 

0.0 

1112 

0.0 

1113 

0 .0 

1119 

0.0 

1115 

0.0 

1116 

0.0 

1117 

0.0 

1118 

0.0 

1119 

0 .0 

1120 

0.0 

1 121 

BMS2F  1 It 21 

90  Zt  2ND  FLAP  MODE  ♦ DN 

0 .0 

1122 

■ -1  .2  880E-01 

1123 

—3.1  990E  —0 1 

1129 

-9.3  680E-01 

1125 

—5.2  570E-0  1 

1126 

-5 . 8 280E-0 1 

1127 

-5  . 8 060E— 0 1 

1128 

-5  .2  720E-0 1 

1129 

—3  .3  560E—0 1 

1130 

-3.7980E-02 

1131 

3 • 2390E— 0 1 

1132 

6.1130E— 01 

1133 

1 . OOOOE  00 

1139 

.. 

0.0 

TABLE  3-1  - Continued 


R/A  PROGRAM 
SYMBOL 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


OESCR1PT  ION 


SAMPLE 

VALUE 


llbl  BMS2F  (1,3)  AO  OY/DS,  2ND  FLAP  MODE 
1162 


♦ FWD  0.0 

-1 .8420F-02 
-1 .5640E-02 
-1  .2  300E-02 
-7.7510E-03 
-9.172OE-0A 
4.50WE-0  3 
1 .1 190E-02 
2.1 210E-02 
2 .9390E-02 
3 .4550E-02 
3.6380E-02 
3.7070E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 


TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  PROGRAM  DESCRIPTION  SAMPLE  UNITS 

SYMBOL  VALUE 

118*  0.0 

11B5  0.0 

1186  0.0 

U87  0.0 

1188  0.0 

1189  0.0 

1190  0.0 

1191  0.0 

1192  0.0 

1193  0.0 

1194  0.0 

1195  0.0 

1196  0.0 

1197  0.0 

1198  0.0 

1199  0.0 

1200  0.0 


1201  BMS2F  (1,4)  40  0 Z /DS , 2ND 

1202 

1203 

1204 

1205 

1206 

1207 

1208 

1209 

1210 
1211 
1212 

1213 

1214 

1215 

1216 

1217 

1218 

1219 

1220 
1221 
1222 

1223 

1224 

1225 

1226 

1227 

1228 

1229 

1230 

1231 

1232 


FLAP  MODE  ♦ DN  0.0 

- 7.3  380E-02 
-6.3  760E-02 
-5.1970E-02 
—3.5  250E-0  2 
-9  .0460 £—03 
1 . 2 810E— 02 
4.124OE-0 2 
8 . 7130E— 02 
1 .2B40E-03 
1 • 5730E— 0 1 
1 16  040E— 0 1 
1.7280E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


jjs«wsj3pEigppi?gpta8!gsgsi!«g^^ 


1254  OPEN  (21 
1256 


1258  OPEN  (A) 

1259 
1 2c.O 
1261 


TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  PROGRAM 
SYMBOL 


OESCRIPT  ION 


SAMPLE 

VALUE 


UNITS 


1261  BLADK  <3,3» 

1262 
1263 
1266 
1266 
1266 

1267 

1268 
1269 


BLADE  STIFFNESS  MATRIX 


1 .3910E  01 
6.8610E-03 
5.8230E-01 
6 .8610E—03 
1 .3270E-02 
1.2710E  00 
5.8230E-01 
I.2710E  00 
3.2610E  02 


FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 


1250  CTRIM 


BLADE  MODE  DAMPING 
AFTER  1 SEC  OF  TRIM 


5.7000E-Q6  F-LB/R/S 


1251  CFLY 


BLADE  KOOfc  DAMPING 
DURING  FLY 


5.7000E-04  F-LB/R/S 


1252  CZERO 


BLADE  MODE  DAMPING 
AT  TRIM  INITIALIZATION 


5.7OO0E-04  F-LB/R/S 


1253  CONK 


TAIL  ROTOR  (DELTA  3»  FLAP- 
FEATHER  COUPLING 


1256  DCMR 


INCREMENTAL  BLADE  CM  FOR  TAB 


1257  IHAFIC- 


FLAG  FOR  HARMONIC  ANALYSIS 
0 = OF  F » 1 =ON 


l.OOOOE  00 


1262  IHAPLT 


HARM.AN AL .PLOT  FLAG  »0=N0NE 


1263  DGDHG 


SWP  ROTARY-TO-VERT.  damping 
LB/I  FT-LB-RAD) 


1266  OELCD 


BLADE  ELEMENT  CD  ADJUSTMENT 


TABLE  3-1  - Continued 


INPUT  DATA /RELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1265 

OPEN 

0.0 

1266 

BETA 

BLADE  CONE  ANGLE 

♦UP 

0.0 

DEG 

1257 

TAU 

BLADE  SMEEP  ANGLE 

♦FWD 

0.0 

DEG 

1268 

GAMMA 

BLADE  DROOP  ANGLE 

♦ DN 

0.0 

DEG 

1269 

PHI  REE 

BLADE  REFERENCE  FEATHER 
♦ N .UP 

ANGLE 

1.5000E  01 

DEG 

1270 

BFAS 

BLADE  BEARING  CONE  ANGLE 

♦ UP 

0.0 

DEG 

1271 

OPEN  (51 

0.0 

1272 

0.0 

1273 

0.0 

1274 

0.0 

1275 

0.0 

1276 

GASTOP 

SWP  STOP  CONTACT  ANGLE 

0.0 

RAD 

1277 

GKSTOP 

SWP  STOP  SPRING  CONSTANT 

0.0 

FT-LB/RD 

1278 

RRK 

YAW  DAMPER  GAIN 

0.0 

1279 

TWTR 

TAIL  ROTOR  WASHOUT  TIME 

5.0000E  00 

SEC 

1280 

tctra 

TAIL  ROTOR  ACTUATOR  TIME 

CONST 

3 . 50OOE— 02 

SEC 

1281 

OPEN  (5) 

0.0 

12  82 

0.0 

1283 

0.0 

1284 

0,0 

1285 

0.0 

1286 

****** 

PH  OR  TORSION  NAT.  FREQ, 
HARMONIC  TRIM 

0.0 

RAD/SEC 

1287 

OPEN  (4) 

0.0 

1288 

0.0 

1289 

0 .0 

1290 

0.0 

1291 

SS 

SPEED  OF  SOUND 

1 .0  980  E 0 3 

FT/SEC 

1292 

OPEN  (81 

0.0 

1293 

0.0 

1294 

0.0 

1295 

0.0 

1296 

0 .0 

I 


1 


TABLE  3-1  - Continued 


k&liv 


INPUT  DATA/RELATIVE  ADDRESS  TABLE  i 


R/A  PROGRAM 
SYMBOL 


Of  SCRIPT  ION 


1300  I BLADE 


DELTA  CM  OPTION  FLAG 


1301  B I 


BLADE  DISTRIBUTED  MOHFNT  OF 
INERTIA  ABOUT  CG,  SLUG-FT 


1341  DCOEF  (4) 


DAMPING  COEFFICIENTS, 
HARMONIC  TRIM 


SAMPLE  UNITS 
VALUE 


1 .4  6G0E-01 


1 .1210E-02 
9.77TOE-03 
1 .6  950E-0? 
1 .6120E-02 
1 .6440E-02 
1 .7060E— 02 
1 .7920E-02 
1.51BOE-02 
1 .5410E-0? 
1 .8  140E-02 
1 .5  270E-0  2 
2.76B0E-O2 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0 .0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0 .0 
o.c 
0.0 
0.0 
0.0 
0.0 


ft 


I 
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INPUT  DATA /RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1380 

0.0 

1381 

0.0 

1382 

0.0 

1383 

0.0 

1384 

0.0 

1383 

0.0 

1386 

0.0 

1387 

0.0 

1388 

0.0 

1389 

0.0 

1390 

0.0 

1391 

0.0 

1392 

0.0 

1393 

0.0 

1394 

0.0 

1395 

0.0 

1396 

0.0 

1397 

0.0 

1398 

0.0 

1399 

0.0 

1400 

0.0 

1401 

TCT 

QUASI-STATIC  TORSION  TIME 

0.0 

SEC 

CONSTANT 

1402 

dthi 

BL.  STA  1 FOR  ELASTIC  TWIST 

0.0 

FT 

OUTPUT 

1403 

DTH2 

BL.  STA  2 FOR  ELASTIC  TWIST 

0.0 

FT 

OUTPUT 

1404 

TTF  LAG 

TENSION— TOT  SI ON  PACK  OPTION 

0.0 

ObOFF  t 1 ON 

1405 

OPEN  (4) 

0.0 

1406 

0.0 

140* 

0.0 

1408 

0.0 

1409 

YIV  1 

I NPL  DISPL.TT  PACK  INRO  END 

0.0 

MODE  1 • ♦FWD 

1410 

YIV2 

MODE  2, ♦ft© 

0.0 

1411 

YIV  3 

MODE  3, ♦FWD 

0.0 

1412 

ZIV1 

OUTPL  DISPL.TT  PACK  INBO  ENO 

0.0 

MODE  l*^ON 

1413 

ZIV2 

MODE  2, ♦ON 

0.0 

; A 


TABLE  3-1 

- Continued 

INPUT 

DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

14 14 

ZIV3 

MODE 

3 • ♦ON 

o 

• 

o 

1415 

YOV 1 

1NPL 

D1  SPL.TT 

PACK  OUTBD  END 

0.0 

MODE 

1 , *f  VC 

1416 

YOV  2 

MODE 

2i  WO 

O 

• 

o 

1417 

YOV  3 

MODE 

3,  ♦f  WO 

0.0 

1418 

Z0V1 

OUTPL 

DISPL.TT  PACK  OUTBD  END 

0.0 

MODE 

1 1 +DN 

1419 

ZOV  2 

MODE 

2 t ♦ON 

0.0 

1420 

ZOV  3 

MODE 

3,*0N 

0.0 

1421 

YCS  (40) 

01  STANCE  C.G. 

TO  SMEAR  CENTER 

O 

• 

O 

FT 

♦ FWD 

1422 

0.0 

FT 

1423 

0.0 

FT 

1424 

0.0 

FT 

1425 

0.0 

FT 

1426 

0.0 

FT 

1427 

0.0 

FT 

1428 

0.0 

FT 

1429 

0.0 

FT 

1430 

0.0 

FT 

1431 

0.0 

FT 

1432 

0.0 

FT 

1433 

0.0 

FT 

1434 

0.0 

FT 

1435 

0.0 

FT 

1436 

0.0 

FT 

1437 

0.0 

FT 

1438 

0.0 

FT 

1439 

0.0 

FT 

1440 

0,0 

FT 

1441 

0.0 

FT 

1442 

0.0 

FT 

1443 

0.0 

FT 

1444 

0.0 

FT 

1445 

0.0 

FT 

1446 

0.0 

rr 

1447 

0.0 

FT 

1448 

0.0 

FT 

1449 

0.0 

FT 

1450 

0.0 

FT 

1451 

0.0 

FT 

1452 

0.0 

FT 

1453 

0.0 

FT 

TABLE  3-1  - Continued 


INPUT  OATAAELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1454 

0.0 

FT 

1455 

0.0 

FT 

1456 

0.0 

FT 

1457 

0.0 

ET 

1458 

0.0 

FT 

1459 

0.0 

FT 

1460 

0.0 

FT 

1461 

1 X X F 

FUSELAGE  MOM  INERTIA, ROLL 

5 .B950E 

03 

SLUG— FT 2 

1462 

I YYF 

FUSELAGE  MOM  INERTI A , PITCH 

2.7  500E 

04 

SLUG— FT2 

1463 

I Z 2 F 

FUSELAGE  K3M  INERTIA, YAW 

2.3  0 88E 

04 

SLUG— FT2 

1464 

IXYF 

FUSELAGE  MOM  INERTIA, R - P 

0.0 

SLUG— FT2 

1465 

IXZF 

FUSELAGE  MOM  INERTIA, R - Y 

0.0 

SLUG-FT2 

1466 

1 YZF 

FUSELAGE  MOM  INERTIA, P - Y 

0.0 

SLUG— FT2 

1467 

OPfcN 

0.0 

1468 

I ZZH 

HUB  POLAR  INERTIA 

0.0 

SLUG -FT 2 

1469 

ZGS 

HUB-TO-SWASHPLATE  c.g. 

0.0 

FT 

1470 

IXXPRO.PRQFLG 

PROP  MOM  INERTIA 
0=  NO  PROP  SIMULATION 

0.0 

SLUG— FT2 

1471 

I XX  ENG 

ENGINE  MO«NT  OF  INERTIA 

0.0 

SLUG-FT2 

1472 

IYYTR 

TAIL  ROTOR  MOMENT  OF  INERTIA 

0.0 

SLUG— FT2 

1473 

GRPRO 

GEAR  RATIO,  PROPELLER  +TOP  LT 

0.0 

1474 

GRFNG 

ENGINE  ♦TOP  LT 

1 .OOOOE 

00 

1475 

GRTR 

TAIL  ROTOR  ♦TOP  RT 

6.0  000 E 

00 

1476 

OPFN 

0.0 

1477 

ZBPH 

PITCH  HORN  PARTIAL 

0 .0 

1478 

AKPH 

DYNAMIC  PITCH  HORN  SPRING 

0.0 

FT-LB/RD 

1479 

DEL  ZOB 

OUTBOARD  BEARING  OrFS ET 
ADJUSTMENT  +UP 

0.0 

FT 

1460 

1PH0RN 

FLAG  FOR  PITCH  HORN 

0 .0 

0 = 0FF  , 1 =ON 


INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1481 

YJOG 

BLADE  CHORDWISE  OFFSET 
♦ TIP  FWD 

0.0 

FT 

1482 

Z JOG 

BLADE  FLAPWISE  OFFSET 
♦ TIP  UP 

0.0 

FT 

1483 

IFFT 

SIGNAL  PREPARATION  FOR  POST 
REXOR  PROCESSING 

0.0 

1484 

ENGHPX 

MAXIMUM  ENGINE  HORSEPOWER 

0.0 

1485 

CFB 

FEATHERING  VISCOUS  FRICTION 

0.0 

F-LB/R/S 

1486 

OPEN 

0.0 

»-* 

* 

00 

KPH 

QUASI-STATIC  PITCH  HORN  SPRING 
AND  FLAG.ONO  QUASI 

0.0 

FT-LB/RD 

t— 

S' 

CO 

00 

TPH 

QUASI-STATIC  PITCH  HORN  TIME 
CONSTANT 

0.0 

SEC 

1489 

OPEN  <21 

0.0 

1490 

0.0 

1491 

RTWANGI 3) 

REACTIONLESS  INPLANE 
EXCITATION 

0.0 

FT 

1492 

0.0 

FT 

1493 

0.0 

FT 

1494 

FIDDLE 

SWP  VERTICAL  CENTERING  LOAD 

0.0 

LB 

1495 

OPEN  <21 

0.0 

1496 

0.0 

1497 

torflg 

QUASI-STATIC  TORSION  FLAG 
0 cOEF»  1 =ON 

0.0 

1498 

TSTOP 

MAXIMUM  TIME  IN  FLY  SEGMENT 

0.0 

SEC 

1499 

IDECUP 

LIFT-ROLL  DECOUPLER  FLAG 
0=0FF  1 1 =0N 

0.0 

1500 

OPEN 

0.0 

1501 

TTB  <2D) 

THETA  COMMAND  - USE  IN 
CONJUNCTION  WITH  RAI1511 

0.0 

RAD 

1502 

0.0 

RAD 

1503 

0.0 

RAD 

1504 

0.0 

RAD 

1505 

0.0 

RAD 

»V.  *?*«.  A:  Vu,  C 
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INPUT  DATA/RELATIVE  ADDRESS 

TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1506 

0.0 

RAD 

1507 

0.0 

RAO 

1508 

0.0 

RAD 

150<» 

0.0 

RAD 

1510 

0.0 

RAD 

1511 

0.0 

RAD 

1512 

0.0 

RAD 

1513 

0.0 

RAD 

1515 

0.0 

RAD 

1515 

0.0 

RAD 

1516 

0.0 

RAD 

1517 

0.0 

RAD 

1518 

0.0 

RAD 

1519 

0.0 

RAD 

1520 

0.0 

RAD 

1521 

YNA 

(201 

LOCATION 

OF  NEUTRAL  AXIS 

o 

• 

o 

FT 

RELATIVE 

TO  1/5  CHORD  ♦FWD 

1522 

0.0 

FT 

1523 

0 .0 

FT 

1525 

0.0 

FT 

1525 

0.0 

FT 

1526 

0.0 

FT 

1527 

0.0 

FT 

1528 

0.0 

FT 

1529 

0.0 

FT 

1530 

0.0 

FT 

1531 

0.0 

FT 

1532 

0.0 

FT 

1533 

0.0 

FT 

1535 

0.0 

FT 

1535 

0.0 

FT 

1536 

0.0 

FT 

1537 

0.0 

FT 

1538 

0.0 

FT 

1539 

0.0 

FT 

1550 

0.0 

FT 

1551 

OPEN 

( 1201 

o 

• 

o 

TABLE  3-1  - Continued 


INPUT  DATA /RELATIVE 

ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRI  PT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1553 

0.0 

1554 

0 .0 

1555 

0.0 

1556 

0.0 

1557 

0.0 

155ft 

0.0 

1559 

0.0 

1560 

0 .0 

1561 

0.0 

1562 

0 .0 

1563 

0.0 

1564 

0.0 

1565 

0.0 

1566 

0.0 

1567 

0.0 

1568 

0.0 

1569 

0.0 

1570 

0.0 

1571 

0.0 

1572 

0 .0 

1573 

0.0 

1574 

0.0 

1575 

0.0 

1576 

0.0 

1577 

0.0 

1578 

0.0 

1579 

0.0 

1580 

0.0 

1581 

0 .0 

1582 

0.0 

1583 

0.0 

1584 

0 .0 

1585 

0.0 

1586 

0.0 

1587 

0 .0 

1 58P 

0.0 

1589 

0.0 

1590 

0.0 

1591 

0.0 

1592 

0 .0 

1593 

0 .0 

1594 

0.0 

1595 

0.0 

1596 

0.0 

1597 

0.0 

1598 

0 .0 

1599 

0.0 

1600 

0.0 

1601 

0.0 

1602 

0 .0 

1ABLE  3-1  - Continued 
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INPUT  DATA /RELATIVE  ADDRESS 

TABLE 

R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VAtUE 

1603 

0.0 

1606 

0.0 

1605 

0.0 

1606 

0.0 

1607 

0.0 

1608 

0.0 

1609 

0.0 

1610 

0.0 

1611 

0.0 

1612 

0.0 

1613 

0.0 

1616 

0.0 

1615 

0 .0 

1616 

0.0 

1617 

0.0 

1618 

0.0 

1619 

0.0 

1620 

0.0 

1621 

0.0 

1622 

0.0 

1623 

0.0 

1626 

0 .0 

1625 

0.0 

1626 

0.0 

1627 

0.0 

1628 

0.0 

1629 

0.0 

1630 

0.0 

1631 

0.0 

1632 

0.0 

1633 

0.0 

1636 

0.0 

1635 

0.0 

1636 

0.0 

1637 

0.0 

1638 

0.0 

1639 

0.0 

1660 

0.0 

1661 

0 .0 

1662 

0 .0 

1663 

0.0 

1666 

0.0 

1665 

0.0 

1666 

0.0 

1667 

0.0 

1668 

0.0 

1669 

0.0 

1650 

0.0 

1651 

0.0 

1652 

0.0 

TABLE  3--J  - Continued 


INPUT  OATA/REL  ATXVE  ADDRESS  TABLE 

K/A 

PROGRAM 

DtSCR I HT ION  SAMPLE 

UNITS 

SYMBOL 

VALUE 

1651 

0.0 

1654 

0.0 

1655 

0.0 

1656 

0.0 

1657 

0.0 

1658 

0.0 

1659 

0 .0 

1660 

0 .0 

1661 

Y 

( 30  > 

D1SPL.  EACH  0.0. F.  -4.1294  E 00 

1662 

-2.7224E  00 

1661 

-2.0  041 E —0  ? 

1664 

0.0 

1665 

-4.4438E  00 

1666 

1.2488E  00 

1667 

1.8  710E-01 

1668 

0.0 

1669 

-4  .4-984E  0 0 

1670 

-1  .6  319F  00 

1671 

1.5  757E-01 

1672 

0.0 

1671 

-4.0000E  00 

1674 

-5.9  79RE  00 

1675 

1 .7137E-01 

1676 

0.0 

1677 

9.4265E-02 

1678 

3.1704E— 02 

1679 

0.0 

1680 

0.0 

1681 

1 .2284E  02 

1682 

0.0 

1683 

-6.23I5E  00 

1 684 

0.0 

1685 

0.0 

1686 

0.0 

1687 

-1  .4  815E-01 

168e 

-5  .01 30E-02 

1689 

0.0 

1690 

0.0 

1691 

YD 

(30  ) 

VEL.  EACH  D.O.F.  -1.1501E  01 

1692 

8.5060E  01 

1693 

—1  .2 621 E 00 

1694 

0.0 

1695 

3.1 218E-0 1 

1696 

1.1964E  01 

1697 

1.3216E  00 

1698 

0.0 

1699 

-1  .8055E-O1 

1700 

-8.3631E  01 

I I 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  PROGRAM 

DESCRIPT  ION 

SAMPLE 

SYMBOL 

VALUE 

1701 

—8.11 26E-02 

1702 

0.0 

1703 

1.0B3BE  01 

1 7 04 

-1.3239E  01 

1705 

—2  .6460E-0 1 

1706 

0.0 

1707 

0.0 

1708 

0.0 

1709 

0.0 

1710 

2.3210E  01 

1711 

-4.6  547E-01 

1712 

-2  .3  527E  00 

1713 

-5.6457E-03 

1714 

-3.0897J-01 

1715 

5 .9532E-02 

1716 

1.6666E-02 

1717 

0.0 

1718 

0.0 

1719 

0.0 

1720 

0.0 

1721  YDD 

(301 

ACC.  EACH  D.O.F. 

2 . 6 970  E 01 

1722 

1 .6641E  02 

1723 

2 .2033E  02 

1724 

0.0 

1725 

1.2456E  01 

1726 

-1.7118E  03 

1727 

-1.6041E  02 

1728 

0.0 

1729 

1 .4 945E  02 

1730 

-5.6694E  02 

1731 

1.4  834E  01 

1732 

0.0 

1733 

-1.5  749E  02 

1734 

2.1129E  03 

1735 

-7.0  873E  01 

1736 

0.0 

1737 

0.0 

1738 

0.0 

1739 

0.0 

1740 

0.0 

1741 

-2.0790E  00 

1742 

2.3943E  00 

1743 

-3.1813E  01 

1744 

-3.0897E-01 

1745 

5.9532E-02 

1746 

1 .6666E-02 

1747 

0.0 

1746 

0.0 

1749 

0.0 

TABLE  3-1 
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R/A  PROGRAM 
SYMBOL 

1750 

1751  FX  (25) 

1752 

1753 

1754 

1755 

1756 

1757 

1758 

1759 

1760 

1761 

1762 

1763 

1764 

1765 

1766 

1767 
1 "X68 

1769 

1770 

1771 
177? 

1773 

1776 

1775 

1776  TNBOD  Y(  25  ) 

1777 

1778 

1779 

1780 

1781 
178? 

1783 

1784 

1785 

1786 

1787 

1788 

1789 

1790 

1791 

1792 

1793 

1794 

1795 


INPUT  DATA /RELATIVE  ADDRESS  TABLE 


DESCR1  PTION 


FUSELAGE  DOWMWASH  AS  A FUNCT. 
OF  MAIN  ROTOR  WAKE  ANGLE, DEG 


HORZ  TAIL  DWNWASH  AS  A FUNCT, 
OF  MAIN  RCTTOR  WAKE  ANGLE, DEG 


SAMPLE 

VALUE 


0.0 


1 .8  OOOE 

01 

.8  OOOE 

02 

6.2  300E- 

01 

0.0 

6.2  300E- 

-01 

4.00O0E 

01 

7.4000E- 

-01 

7.0000E 

01 

8 .8  OOOE -0  1 

B.OOOOE 

01 

8 .6  OOOE— 0 1 

9.0  OOOE 

01 

8 . 4 000F— 01 

1 .OOOOE 

02 

5 .6  OOOE— 0 1 

1.1  OOOE 

02 

3.8  300E— 01 

1 .8 OOOE 

02 

3.8  300E— 0 1 

0.0 

0.0 

0.0 

0.0 

0 .0 

0.0 

2 .2 OOOE 

01 

-1 .8  OOOE 

02 

0.0 

2 .OOOOE 

01 

0.0 

5 .OOOOE 

01 

2. OOOOE 

00 

6. OOOOE 

01 

1 . 9 200E 

00 

7. 4 OOOE 

01 

1 .5  2G0E 

00 

8 .OOOOE 

01 

1 . 3 400E 

00 

9. OOOOE 

01 

1 . 1 400E 

00 

1 .OOOOE 

02 

1 .0  8 00E 

00 

1.1  OOOE 

02 

1 . 0400E 

00 

1 .2  000E 

02 

UNITS 


63 


4 krft 


• lfl‘  * nil  I!  ^ g ^ , 1 ..  * f |!  ,*  ^ 


4 


I 
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INPUT  DATA/RELATIVE  ADORESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION  SAMPLE 

UNITS 

SYMBOL 

VALUE 

1 796 

9.6000E-01 

1797 

1 -8  000E 

02 

1798 

0.0 

1799 

0 .0 

1POO 

0.0 

1801 

NVEC2  (501 

ELY  PLOT  CODE  TABLE  3 . 0 000E 

00 

1 B02 

7.0000E 

00 

1803 

2.1  OOOE 

01 

1809 

1 .9  OOOE 

01 

1805 

5 .4OO0E 

01 

1806 

9 .OOOOE 

00 

1807 

1 .6000E 

01 

1808 

1 .5 OOOE 

01 

1809 

1 .8 OOOE 

01 

1810 

1 • 9 OOOE 

01 

1811 

1 .7 OOOE 

01 

1812 

1 .3000E 

01 

1813 

2 .9000E 

01 

1819 

2.8  OOOE 

01 

1816 

2. 7 OOOE 

01 

1816 

2.6G00E 

01 

1817 

3. OOOOE 

01 

1818 

2 .5 OOOE 

01 

1819 

2 . 9 000E 

01 

1820 

2 .3 OOOE 

01 

1821 

3 .6 OOOE 

01 

1822 

9.8  OOOE 

01 

1«?3 

3 .8 OOOE 

01 

1829 

9. OOOOE 

01 

1825 

9 .2  OOOE 

01 

1826 

5 . 2 000E 

01 

1827 

5.1 OOOE 

01 

1828 

9. 7 OOOE 

01 

18  29 

7.1  OOOE 

01 

1 830 

6.9  OOOE 

01 

1831 

7. OOOOE 

01 

1032 

6. 8 OOOE 

01 

1833 

3.1 OOOE 

01 

13  39 

3. 2 OOOE 

01 

1835 

3.9000E 

01 

1836 

2 .OOOOE 

01 

1837 

5. 8 OOOE 

01 

1838 

5 . 7 OOOE 

01 

1039 

3.9000E 

01 

1 89C 

3 .3  OOOE 

01 

1891 

9 .6  OOOE 

01 

1892 

9 .9 OOOE 

01 

1893 

5. OOOOE 

01 

1899 

9. 9 OOOE 

01 

!Hg|S!g!8!?3WBg^^ 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 

R/A  PROGRAM 

DfcSCR IPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1899 

0 .0 

1895 

0.0 

1896 

0.0 

1897 

0.0 

1898 

0 .0 

1899 

0.0 

1900 

0.0 

1901  (351 

AUTtJ-P  I LOT  SETTINGS 

0.0 

1902 

0.0 

1903 

0.0 

1 904 

0.0 

1905 

0.0 

1906 

0.0 

1907 

0.0 

1909 

0.0 

1909 

0.0 

1<U0 

0.0 

1911 

0.0 

1912 

0.0 

191? 

0.0 

1919 

0.0 

1915 

0.0 

1916 

0.0 

1917 

0.0 

1918 

0.0 

1919 

0.0 

1920 

0.0 

1921 

0.0 

1922 

0.0 

1923 

0.0 

1929 

0.0 

1925 

0.0 

1926 

0.0 

1927 

0.0 

1928 

0.0 

1929 

0.0 

1930 

0.0 

1931 

0.0 

1932 

0.0 

1933 

0.0 

1939 

0.0 

1935 

0.0 

1936  HPSET 

SET  HORSEPOWER  IN  AUTOPILOT 

o 

• 

o 

1937  OPEN  (2) 

0.0 

1938 

0.0 

1939  TMAUTO 

TIME  TO  START  AUTO-PILOT  SIM. 

0.0 

INPUT  OATA/RELATIVE  ADDRESS  TABLE 

R/A  PROGRAM 

DESCRIPTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

1940  NPT 

NO.  OF  AUTOPILOT  TIME  POINTS 

o 

• 

o 

1941  T (20) 

AUTO-PILOT  TIME  TABLE 

0.0 

SEC 

1942 

0.0 

SEC 

1943 

0.0 

SEC 

1944 

0.0 

SEC 

1945 

0.0 

SEC 

1946 

0.0 

SEC 

1947 

0.0 

SEC 

1948 

0.0 

SEC 

1949 

0.0 

SEC 

1950 

0.0 

SEC 

1951 

0.0 

SEC 

1952 

0.0 

SEC 

1953 

0.0 

SEC 

1954 

0.0 

SEC 

1955 

0.0 

SEC 

1956 

0.0 

SEC 

1957 

0.0 

SEC 

1958 

0.0 

SEC 

1959 

0.0 

SEC 

I960 

0.0 

SEC 

1961  E (20) 

AUTO-PILOT  VEL.  TABLE 

0.0 

FT/SEC 

1962 

0.0 

FT/SEC 

1963 

0.0 

FT/SEC 

1964 

0.0 

FT/SEC 

1965 

0 .0 

FT/SEC 

1966 

0.0 

FT /SEC 

1967 

0.0 

FT/SEC 

1968 

0.0 

FT/SEC 

1969 

0.0 

FT/SEC 

1970 

0.0 

FT/SEC 

1971 

0.0 

FT/SEC 

1972 

0.0 

FT/SCC 

1973 

0.0 

FT/SEC 

1974 

0 .0 

FT/SEC 

1975 

0.0 

FT/SEC 

1976 

0.0 

FT/SEC 

1977 

0.0 

FT/SEC 

1978 

0.0 

FT/SEC 

1979 

0.0 

FT/SEC 

1930 

0.0 

FT/SEC 

1981  GA1NT  (20) 

TRIM  GAIN, PROP  BL  ANG  (■*•)  OR 

-1 .6  OOOE-O  3 

ANG  OF  ATTACK  <-)  RAD/FT/S 

1982 

TRIM  GAIN, BANK  ANG  (♦  ) RAD/F/S 

3 .OOOOE— 02 

1983 

TRIM  GAIN, COLLECT.  ANG  (-)  OR 

-1  . 6 OOOE-OB 

ANG  OF  ATTACK  (-)  RAD/FT/S 

1964 

TRIM  GAIN,LAT.  CYCLIC  (A1S)  ♦ 

1 .OOOOE-02 

SEC 

67 


nix’ A * ' 


-f 

y] 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  °R  OG  RAH 
SYMBOL 


DESCRI PTION 


SAMPLE 

VALUE 


UNITS 


2000  TRMUPD 


2001  THTORS(AO.A) 


TRIM  GAIN, LONG  CYCLICIB1S) 

- 

-3.0000E-02 

SEC 

TRIM  GAIN, TAIL  ROTOR  COLL 

-7 .5  OOOE-02 

SEC 

TRIM  GilN.StfP  ROLL  MOM 

♦ 

0.0 

F-LB/R/S 

TRIM  GA1N.SWP  VERT  01  SP 

- 

0.0 

SFC 

TRIM  GAIN, ENG.  TOROUE 

♦ 

0.0 

F-LB/R/S 

TRIM  GA1N,FLT  PATH  ANG 

- 

0.0 

R AD/ET/S 

TRIM  GA  IN, COLL.  AUTOROTATION 

♦ 0.0 

SEC 

TRIM  GAIN.COLL 

♦ 

0.0 

( R AO/S  I /(  ET-LB ) 

0.0 

TRIM  GA1N.SWP  PITCH  MOM 

♦ 

0.0 

F-LB/R/S 

0.0 

F-LB/R/S 

0.0 

F-LB/R/S 

0.0 

F-LB/R/S 

0.0 

F-LB/R/S 

0.0 

F-LB/R/S 

TRIM  UPDATE  ELAG 

o 

• 

o 

0 = OEF,1=ON 

TRIM  SAVE  DAI  A 

0 .0 

RAD 

BLADE  TORSION  DISPLACEMENT 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0 .0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAO 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0 .0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 

0.0 

RAD 
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INPUT  DATA/ttELATIVE  ADDRESS  TABLE 


R/A  PROGRAM 

DESCRIPTION 

SAMPLE 

UN 

SYMBOL 

VALUE 

2029 

0.0 

RAD 

2030 

0.0 

RAD 

2031 

0.0 

RAD 

2032 

0.0 

RAD 

2033 

0.0 

RAD 

2034 

0.0 

RAD 

2035 

0.0 

RAD 

2036 

0.0 

RAD 

2037 

0.0 

RAD 

2038 

0.0 

RAD 

2039 

0 .0 

RAD 

2040 

0.0 

RAD 

2041 

0.0 

RAD 

2042 

0.0 

RAD 

2043 

0.0 

RAD 

2044 

0.0 

RAD 

2045 

0.0 

RAD 

2046 

0.0 

RAD 

2047 

0.0 

PAD 

2048 

0.0 

RAD 

2049 

0.0 

RAD 

2050 

0.0 

RAD 

2051 

0.0 

RAO 

2052 

0.0 

RAD 

2053 

0.0 

RAO 

2054 

0.0 

RAD 

2055 

0..0 

RAD 

2056 

0.0 

RAD 

2057 

0.0 

RAD 

2058 

0.0 

RAD 

2059 

0.0 

RAD 

2060 

0.0 

RAD 

2061 

0.0 

RAD 

2062 

0.0 

RAO 

2063 

0.0 

RAD 

2064 

0.0 

RAD 

2065 

0.0 

RAD 

2066 

0.0 

RAD 

2067 

0.0 

RAD 

2068 

0.0 

RAD 

2069 

0.0 

RAD 

2070 

0.0 

RAD 

2071 

0.0 

RAD 

2072 

0.0 

RAD 

2073 

0.0 

RAD 

2074 

0.0 

RAD 

2075 

0.0 

RAD 

2076 

0.0 

RAD 

2077 

0.0 

RAD 

2078 

0.0 

RAD 

TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE 

ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION 

SAMPLE 

UN 

SYMBOL 

VALUE 

2079 

0.0 

RAD 

2080 

0.0 

RAD 

2081 

0.0 

RAD 

2082 

0.0 

RAD 

2083 

0.0 

RAD 

2089 

0.0 

RAD 

2085 

0.0 

RAD 

2086 

0.0 

RAD 

2087 

0.0 

RAD 

2088 

0.0 

RAD 

2089 

0.0 

RAD 

2090 

0.0 

RAD 

2091 

0.0 

RAD 

2 092 

0.0 

RAD 

2093 

0.0 

RAD 

2099 

0.0 

RAD 

2 098 

0.0 

RAD 

2096 

0.0 

RAD 

2097 

0.0 

RAD 

2098 

0.0 

RAD 

2099 

0.0 

RAD 

2100 

0.0 

RAD 

2101 

0.0 

RAD 

2102 

0 .0 

RAD 

2103 

0.0 

RAD 

2109 

0.0 

RAD 

2105 

0.0 

RAD 

2106 

0.0 

RAD 

2107 

0.0 

RAD 

2108 

0.0 

RAD 

2109 

0.0 

RAD 

2110 

0.0 

RAD 

2111 

0.0 

RAD 

2112 

0.0 

RAD 

2113 

0.0 

RAD 

2119 

0.0 

RAD 

2115 

0.0 

RAD 

2116 

0.0 

RAP 

2117 

0.0 

RAD 

2118 

0.0 

RAD 

2119 

0.0 

RAD 

2120 

0.0 

RAD 

2121 

0.0 

RAD 

2122 

0.0 

RAD 

2123 

0.0 

RAD 

2129 

0.0 

RAD 

2125 

0.0 

RAD 

2126 

0.0 

RAD 

2127 

0.0 

RAD 

2128 

0.0 

RAD 

TABLE  3-1  - Continued 


INPUT 

DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DESCRIPTION  SAMPLE 

UNITS 

SYMBOL 

VALUE 

2129 

0.0 

RAD 

2130 

0.0 

RAD 

2131 

0.0 

RAD 

2132 

0.0 

RAD 

2133 

0.0 

RAD 

2134 

0.0 

RAD 

213*) 

0 .0 

RAD 

2136 

0.0 

RAD 

2137 

0.0 

RAD 

2138 

0.0 

RAD 

2139 

0.0 

RAD 

2140 

0.0 

RAD 

2141 

0.0 

RAD 

2142 

0 .0 

RAD 

2143 

0.0 

RAD 

2144 

0.0 

RAD 

2145 

0.0 

RAD 

2146 

0.0 

RAD 

2147 

0.0 

RAD 

2148 

0.0 

RAD 

2149 

0.0 

RAD 

2150 

0.0 

RAD 

2151 

0.0 

RAD 

2152 

0.0 

RAD 

2153 

0.0 

RAD 

2154 

0.0 

RAD 

2155 

0.0 

RAD 

2156 

0 .0 

RAD 

2157 

0.0 

RAD 

2158 

0.0 

RAD 

2159 

0.0 

RAD 

2160 

0 .0 

RAD 

2161 

THTRD  (40,4) 

TR  1M 

SAVE  DATA  0.0 

RAD/SEC 

BL  ADE 

TORSION  VELOCITY 

2162 

0 .0 

RAD/SEC 

2163 

0 .0 

RAD/SEC 

2164 

0.0 

RAO/SEC 

2165 

0.0 

RAD/SEC 

2166 

0.0 

RAD/SEC 

2167 

0 .0 

RAD/SEC 

2168 

0.0 

RAD/SEC 

2169 

0 .0 

RAD/SEC 

2170 

0.0 

RAD/SEC 

2171 

0.0 

RAD/SEC 

2172 

0.0 

RAD/SEC 

2173 

0.0 

RAD/SEC 

2174 

0.0 

RAD/SEC 

2175 

0.0 

RAD/SEC 

2176 

0.0 

RAD/SEC 

/ 
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R/A  PROGRAM 
SYMBOL 


input  DATAAELATIVE  ADDRESS  TABLE 
DESCR  I PT  ION 


72 


SAMPLE 

VALUE 


UNITS 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.c 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 


rad/sec 

RAD/SEC 

rad/sec 

Rad/sec 

rad/sec 

rad/sec 

rad/sec 

RAD/SEC 

RAD/SEC 

RAD/SEC 

rad/sec 

RAD/SEC 

RAD/SEC 

RAD/SEC 

rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 

rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SEC 
Rao/sec 

RAD/SEC 

rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 

rad/sec 
rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 

rad/sec 

RAD/SEC 

rad/sec 


I 


R/A  PROGRAM 
SYMBOL 


i ABLE  3-1  _ Continued 

INPUT  Data/relative  address  table 

OtSCRlPT  JON 


2227 

2228 

2229 

2230 

2231 

2232 

2233 

2234 

2235 

2236 

2237 

2238 

2239 

2240 

2241 

2242 

2243 

2244 

2245 

2246 

2247 

2248 

2249 

2250 

2251 

2252 

2253 

2254 

2255 

2256 

2257 

2258 

2259 

2260 
2261 
2262 

2263 

2264 

2265 

2266 

2267 

2268 

2269 

2270 

2271 

2272 

2273 

2274 

2275 

2276 


SAMPLE 

VALUE 


UNITS 


0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


: 'D/SEC 
PAD/SEC 

pad/sec 

RAD/SEC 

rad/sec 

rad/sec 

rad/sec 

RAD/SEC 

rad/sec 

rad/sec 

rad/sec 

RAD/SEC 

RAD/SEC 

RAD/SEC 

Rad/sec 

rad/sec 

rad/sec 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SFC 

RAO/SEC 

RAD/SEC 

RAD/SEC 

rad/sec 

RAD/SEC 

rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SFC 

Rad/sec 

RAD/SEC 

rad/sec 
rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 

rad/sec 

RAD/SEC 
RAD/SEC 
RAD/SEC 
RAD/SEC 

rad/sec 
rad/sec 

RAD/SEC 

rad/sec 
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INPUT  DATA/REL  AT1VE  ADDRESS  TABLE 


R/A  PROGRAM  DESCRIPTION 

SYMBOL 


SAMPLE 

VALUE 


■:277 
1 2 7B 
! 279 
>280 
>281 
>282 
>283 

2284 

2285 

2286 

2287 

2288 
2289 
2 290 

2291 

2292 

2293 
2 294 

2295 

2296 

2297 

2298 

2299 
2 300 

2301 

2302 
2 303 
2 304 
2 305 
2 306 
2 307 
2308 
2 309 

2310 

2311 

2312 

2313 

2314 

2315 

2316 

2317 

2318 

2319 

2320 


2321  THG 1 t 40 ,4  » 


2322 
2 323 
2324 


0 .0 
0 .0 
0.0 
0.0 
0.0 
0 .0 
0 .0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0 .0 
0.0 
0 .0 
0 .0 
0.0 
0*0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 


TRIM  SAVE  DATA 

BLADE  TORSION  ACCELERATION 

< 

l 


UNITS 


RAD/SEC 

RAD/SEC 

R3D/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAO/SEC 

RAO/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAO/SEC 

RAD/SEC 

RAD/SEC 

R AO/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAD/SEC 

RAO/SEC 

RAO/SEC 

RAO/SEC 

RAD/SEC 

RAD/SEC 

RAO/SEC 

RAO/SEC 

RAD/SEC 

RAD/SEC 

RAO/SEC 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 


F/a  PROGPAM 
SYHBOL 


DESCRIPT  ION 


SAMPLE  UNITS 
VALUE 


2325 

0.0 

2326 

0.0 

2327 

0.0 

2328 

0.0 

2329 

0 .0 

2 330 

0.0 

2331 

0.0 

2332 

0.0 

2333 

0.0 

2334 

0 .0 

2335 

0.0 

2336 

0.0 

2337 

0.0 

2338 

0 .0 

2339 

0.0 

2 340 

0.0 

2 341 

0.0 

2 342 

0.0 

2 343 

0.0 

2 344 

0.0 

2 345 

0.0 

2346 

0.0 

2347 

0.0 

2348 

0.0 

2 349 

0.0 

2350 

0.0 

2351 

0.0 

2352 

0.0 

2353 

0.0 

2354 

0.0 

2355 

0.0 

2 356 

0 .0 

2357 

0.0 

2358 

0.0 

2359 

0.0 

23o0 

0.0 

2361 

0.0 

2 362 

0.0 

2363 

0.0 

2 364 

0.0 

2365 

0.0 

2 366 

0.0 

2367 

0.0 

2368 

0.0 

2 369 

0.0 

2 370 

0.0 

2371 

0.0 

2372 

0.0 

2 373 

0.0 

2 374 

0.0 

R/A  PROGRAM 

INPUT  DATA/RELATIVE  ADDRESS  TABLE 
OtSCRl  PT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE 

ADDRESS  TABLE 

R/A 

PROGRAM 

OfcSCRI  PT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2425 

0.0 

2426 

0 .0 

2427 

0.0 

2428 

0.0 

2429 

0.0 

2430 

0.0 

2431 

0 .0 

2432 

0.0 

2 433 

0.0 

2434 

0.0 

2435 

0 .0 

2436 

0.0 

2437 

0.0 

2438 

0.0 

2439 

0.0 

2440 

0.0 

2441 

0.0 

2442 

0.0 

2443 

0.0 

2444 

0.0 

2445 

0.0 

2446 

0.0 

2447 

0.0 

2448 

0.0 

2449 

0.0 

2450 

0.0 

2451 

0.0 

2452 

0.0 

2453 

0.0 

2454 

0.0 

2455 

0 .0 

2456 

0.0 

2457 

0.0 

2458 

0.0 

2459 

0 .0 

2460 

0.0 

2461 

0.0 

2462 

0.0 

2463 

0.0 

2464 

0.0 

2465 

0.0 

2466 

0.0 

2467 

0.0 

2468 

0.0 

2469 

0.0 

2470 

0.0 

2471 

0.0 

2472 

0.0 

2473 

0.0 

2474 

0.0 

... 
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INPUT  DATA/RSLATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPT  ION 

SYMBOL 

1 

2475 

0.0 

2476 

0.0 

2477 

0.0 

2478 

0.0 

2479 

0 .0 

2480 

0 .0 

2481 

OPEN  (11) 

0.0 

2482 

0.0 

2483 

0 .0 

2484 

0.0 

2485 

0.0 

2486 

0.0 

2487 

0 .0 

2488 

0.0 

2489 

0.0 

2400 

0.0 

2491 

0.0 

2492 

LFB 

PRE-LOAD 

FEEDBACK  SPRING 

0.0 

DEFLECTION 

♦TENSION 

2493 

OPEN  (21) 

0.0 

2494 

0 .0 

2495 

0.0 

2496 

0.0 

2497 

0.0 

2498 

0.0 

2409 

0.0 

2 500 

0.0 

2501 

0.0 

2502 

0.0 

2503 

0.0 

2 504 

0.0 

2505 

0.0 

2506 

0.0 

2507 

0 .0 

2508 

0.0 

2509 

0.0 

2510 

0.0 

2511 

0.0 

2512 

0.0 

2513 

0.0 

2514 

X ST  DIF 

FEEDBACK 

ARM 

SPANWISE  LENGTH 

o 

• 

o 

SAMPLE 

VALUE 


UNITS 


FT 


FT 


2515  FLAP2 


2ND  FLAP  MODE  REMOVAL  FLAG 
1 ^REMOVE 


0.0 
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INPUT  OATA /RELATIVE  ADDRESS  TABLE 


R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUF 

2 516 

PSI  FB 

GYRO  FEEDBACK  PHASE  ANGLE 

0 .0 

RAD 

♦ LAGS  BLADE 

2517 

OPEN 

( 5) 

0.0 

2518 

0.0 

2519 

0.0 

2520 

0.0 

2521 

0.0 

2 522 

ZRMI 

(3) 

OUTPLANt  DISPL  OF  FDBK  MOUNT 

-3.fi  620E— 02 

BLADE  HOOF  i ♦ DN 

2 523 

BLADE  MOOE  2 

1 .ei00E-02 

2524 

BLADE  MOOE  l 

-3  .6810E— 02 

2525 

OPEN 

13) 

0.0 

2526 

0.0 

2527 

0.0 

2528 

ZRMPI 

(3) 

OUTPLANE  SLOPE  OF  FDBK  MOUNT 

-7.6  960E-0  2 

BLADE  MOOE  1 ♦ DN 

2529 

BLADE  MOOE  2 

3.6210E-02 

2530 

BLADE  MOOE  3 

-7 , 3610E— 0 2 

2531 

OPEN 

1 14) 

0.0 

2532 

0.0 

2533 

0 .0 

2534 

0.0 

2535 

0.0 

2536 

0.0 

2537 

0.0 

2538 

0.0 

2579 

0 ,0 

2 540 

0.0 

2541 

0 .0 

2 542 

0 .G 

2 543 

0.0 

2544 

0.0 

2545 

KFBG 

GYRO  FEEOBACK  SPRING 

0.0 

LB/FT 

2 5*t6 

ZJLIM 

GYRO  FEEOBACK  ARM  SLOP  TRAVEL 

0.0 

FT 

2 547 

RFB 

GYRO  FEEDBACK  ARM  RADIUS 

0.0 

FT 

2548 

OPEN 

0.0 

2 549 

DPHIS 

SHAFT  ROLL  TILT  DAMPING 

0.0 

F-LB/R/S 

2 550 

DTHTS 

SHAFT  PITCH  TILT  DAMPING 

0.0 

F-LB/R/S 

TABLE  3-1  - continued 


r/A  PROGRAM 
SYMBOL 


INPUT  OATA/AELAflVE  AOWESS  TABLE 
DfcSCRI  PT  ,0N 


I 11  ) 


2601  ALFA  <201 


AIRFRAME  AERO  COEFF. 
ANGLE  OF  ATTACK 


TABLE 


2621  CL 

2622 
2623 
2623 
2613 
2626 
2627 


<201 


AIRFRAME  U.  TABLE 


SAMPLE 

VALUE 


UNIT* 


0.0 
0.0 
0.0 
0 .0 
0.0 
0 .0 
0.0 
0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


-I.BOOOE  0 2 DEG 
1 .8 OOOE 


2602 

0.0 

0.0 

2603 

0.0 

2 604 

0 .0 

2603 

0.0 

2606 

0.0 

2607 

0 .0 

2608 

0.0 

26C9 

0.0 

2610 

0 .0 

2611 

0.0 

2612 

0.0 

2613 

0.0 

2613 

0.0 

2613 

0.0 

2616 

0.0 

2617 

0 .0 

2618 

0.0 

261V 

2620 

0.0 

02  DEG 
DEG 


DEG 

DEG 

DEG 

DEG 

DEC 

OEC 

DE< 

DE< 

DE< 

DC' 

DE 

DE 

DE 

DE 

DE 

DE 

OE 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


81 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 


R/A  PROGRAM 

DESCRIPTION 

SAMPLE 

SYMBOL 

VALUE 

2628 

0.0 

2629 

0.0 

2630 

0.0 

2631 

0-0 

2632 

0.0 

<.  633 

0.0 

2i>34 

0.0 

2 6. '5 

0.0 

2636 

0.0 

2637 

0.0 

2638 

0.0 

2639 

0.0 

2640 

0.0 

2641  CM 

(20  > 

AIRFRAHL  CM  TABLE 

0.0 

2 642 

0.0 

2643 

0.0 

2644 

0.0 

2645 

0.0 

26*6 

0.0 

2647 

0.0 

2648 

0 .0 

2 64V 

0.0 

2650 

0.0 

2651 

0.0 

2652 

0.0 

2653 

0.0 

2654 

0 .0 

2655 

0.0 

2656 

0.0 

2657 

0.0 

265R 

0.0 

265V 

0.0 

2660 

0.0 

2661  CO 

( 20  ) 

AIRFRAME  CD  TABLE 

3.6500E  01 

2662 

3.6500E  01 

2 663 

0.0 

2664 

0.0 

2665 

0.0 

2666 

0.0 

2667 

0.0 

2668 

0.0 

2669 

0.0 

2670 

0.0 

2671 

0.0 

2672 

0.0 

2673 

0.0 

2674 

0.0 

2675 

0.0 

f‘i 

i'i 


:< 
• "i 

•» 


-i 


s3 


I 


I 

i 


82 


$ 

I 


8 
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TABLE  3-1  - Continued 

INPUT  DATA  RELATIVE  ADORE  SS  TABLE 

R/A 

PROGRAM 

OESCRI  PTION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2676 

0.0 

2677 

0.0 

2678 

0.0 

2679 

0.0 

2680 

0.0 

2681 

AWING 

MING  AREA 

l.OOOOE  00 

FT2 

2682 

OWING 

WING  CORD 

l.OOOOE  00 

FT 

2683 

ACT  R 

TAIL  ROTOR  BLADE  AREA 

1.1400E  01 

FT2 

2664 

RTR 

TAIL  ROTOR  RADIUS 

4.6700E  00 

FT 

2686 

A 

TAIL  ROTOR  DCL/DALPHA 

5.7300E  00 

1/RAD 

2686 

8 

TAIL  ROTOR  TIP  LOSS  FACTOR 

9.700OE-01 

2687 

OPEN 

0.0 

2608 

CUTOUT 

MAIN  ROTOR  BLADE  AERO  CUTOUT 

4.5  000E  00 

FT 

2689 

I LOOK 

AERO  TABLE  FLAG,  0=  FAST  AERO 

l.OOOOE  00 

1 * SEVEN  TABLE  LOOKUP 

2690 

IFOIL 

CM  TABLE  FLAG  0*23008  TABLE 

l.OOOOE  00 

1=0012  TABLE 

2691 

XNTA6  (5) 

NORMALIZED  BLADE  LOCATION 

0 .0 

2 692 

l.OOOOE  00 

2693 

0.0 

2694 

0.0 

26«5. 

0.0 

2696 

TCTAfa  (5) 

THICKNESS  RATIO 

1 . 2 OCOE-0 1 

2 697 

1 .2000E-U1 

269R 

0.0 

2699 

0.0 

2700 

0.0 

2701 

CLTAP  (5) 

DESIGN  LIFT  COEFFICIENT 

0.0 

2702 

0.0 

2703 

0.0 

2 .'04 

0 .0 

2705 

0.0 

2706 

OPEN  (95) 

0.0 

2 707 

0.0 

2 708 

0 eO 

2709 

0.0 
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INPUT  DATA/RELATIVE  ADDRESS  TABLE 


SAMPLE  UNITS 
VALUE 


2710 

0.0 

2 711 

0.0 

2712 

0.0 

2713 

0.0 

2714 

0.0 

2715 

0.0 

2716 

0.0 

2717 

0.0 

2718 

0.0 

2719 

0.0 

2720 

0.0 

2721 

0.0 

2722 

0.0 

2723 

0.0 

2724 

0.0 

2725 

0.0 

2726 

0.0 

2727 

0.0 

2 728 

0.0 

2729 

0.0 

2730 

0.0 

2731 

0.0 

2732 

0.0 

2733 

0.0 

2734 

0.0 

2 735 

0.0 

2736 

0.0 

2 737 

0 .0 

2738 

0.0 

2739 

0.0 

2740 

0.0 

2741 

0.0 

2742 

0.0 

2 743 

0.0 

2 744 

0.0 

2745 

0.0 

2746 

0.0 

2747 

0.0 

2 748 

0.0 

2749 

0.0 

2750 

0.0 

2751 

0.0 

2752 

0.0 

2753 

0.0 

2754 

0.0 

2755 

0 .0 

2756 

0.0 

2757 

0.0 

2758 

0.0 

2 759 

0.0 

R/A  PROGRAM  DESCRIPTION 

SYMBOL 
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I 


L'  ■ 


TABLE  3-1  - Continued 


INPUT 

DATA/RELATIVE  ADDRESS  TABLE 

R/A 

PROGRAM 

DtSCRIPT ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2760 

0.0 

2761 

0.0 

2762 

0.0 

2763 

0.0 

2 764 

0.0 

2765 

0.0 

2766 

0.0 

2 767 

0.0 

2768 

0.0 

2769 

0.0 

2 770 

0 .0 

2771 

0.0 

2772 

0.0 

2773 

0.0 

2774 

0.0 

2775 

0.0 

2776 

0.0 

2 777 

0.0 

2778 

0.0 

2779 

0.0 

2780 

0 .0 

2781 

0.0 

2782 

0.0 

2783 

0 .0 

2784 

0.0 

2785 

0 .0 

2786 

0.0 

2787 

0.0 

2788 

0.0 

2789 

0.0 

2790 

0.0 

2791 

0.0 

2792 

0.0 

2 793 

0.0 

2794 

0.0 

2795 

0.0 

2796 

0.0 

• S4. 

2797 

0.0 

2798 

0.0 

2 799 

0.0 

2800 

0.0 

2801 

DPF 

(4) 

PS  E UDO 

PITCH  HORN 

SAVE 

DATA  0.0 

01  SPLACEMENT 

2802 

0.0 

2803 

0.0 

2804 

0.0 

2805 

OPED 

14) 

PSEUDO 

PITCH  HORN 

SAVE 

DATA  0.0 

VELOCITY 

TABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADORESS  TABLE 


R/A  PROGRAM  DESCRIPTION  SAMPLE  UNITS 

SYMBOL  VALUE 

2849  0.0 

2850  0.0 

2851  0.0 

2852  0.0 

2053  0.0 

2854  0.0 

2855  0.0 

2856  0.0 

2857  0.0 

2858  0.0 

2859  0.0 

2 860  0.0 

2861  0.0 

2862  0.0 

2863  0.0 

2864  0.0 

2865  0.0 

2866  0.0 

2867  OPEN  (31  0.0 

2868  0.0 

2869  0.0 

2870  IDYN  DYNAMIC  TORSION  SIMULATION  0.0 

FLAG.  ION 

2871  PP TOR  (201  DYNAMIC  TORSION  MODE  SHAPF  0.0 

2872  0.0 

2873  0.0 

2874  0.0 

2875  0.0 

2876  0.0 

2877  0.0 

2878  0.0 

2879  0.0 

2880  0.0 

2881  0.0 

2882  0 .0 

2883  O.C 

2 8Rn  0.0 

2885  0.0 

2886  0.0 

2887  0.0 

2888  0 .0 

2889  0.0 

2890  0.0 

2891  OPEN  ( 1101  0.0 

2892  0.0 

2893  0.0 
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INPUT  DATA  /RELATIVE 

ADDRESS  TABLE 

R/A 

PROGRAM 

DESCR1  PT10N 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2894 

0.0 

2895 

0.0 

2896 

0.0 

2897 

0.0 

2898 

0 .0 

2899 

0.0 

2900 

0.0 

2901 

0.0 

2902 

0.0 

2903 

0.0 

2904 

0.0 

2905 

0.0 

2 906 

0.0 

2907 

0.0 

2908 

0.0 

2909 

0.0 

2910 

0.0 

2911 

0.0 

2912 

0.0 

2913 

0.0 

2914 

0.0 

2915 

0.0 

2916 

0.0 

2917 

0.0 

2918 

0 .0 

2919 

0.0 

2920 

0.0 

2921 

0 .0 

2922 

0.0 

2923 

0.0 

2924 

0 .0 

2925 

0.0 

2926 

0.0 

2927 

0.0 

2928 

0.0 

2929 

0.0 

2930 

0.0 

2931 

0.0 

2932 

0 .0 

2933 

0.0 

2934 

0 .0 

2935 

0.0 

2936 

0.0 

2937 

0.0 

2938 

0.0 

2939 

0.0 

2940 

0.0 

2941 

0.0 

2942 

0..0 

2943 

0 .0 

PABLE  3-1  - Continued 


INPUT  DATA/RELATIVE  ADDRESS 

TABLE 

R/A 

PROGRAM 

DESCRIPT  ION 

SAMPLE 

UNITS 

SYMBOL 

VALUE 

2944 

0.0 

2945 

0.0 

2946 

0.0 

2947 

0.0 

2946 

0.0 

2949 

0.0 

2950 

0.0 

2951 

0.0 

2952 

0.0 

2953 

0.0 

2 954 

0 .0 

2955 

0.0 

2956 

0.0 

2957 

0.0 

2958 

0.0 

2959 

0.0 

2960 

0.0 

2961 

0.0 

2962 

0.0 

2963 

0.0 

2964 

0.0 

2965 

0.0 

2966 

0.0 

2967 

0.0 

2968 

0 .0 

2969 

0 .0 

2970 

0.0 

2971 

0.0 

2972 

0.0 

2973 

0.0 

2974 

0.0 

2975 

0.0 

2976 

0.0 

2 977 

0 .0 

2976 

0.0 

2979 

0.0 

2980 

0 .0 

2981 

0 .0 

2982 

0 .0 

2983 

0.0 

2984 

0.0 

2985 

0.0 

2986 

0.0 

2987 

0 .0 

2988 

0.0 

2989 

0.0 

2990 

0.0 

2991 

0.0 

2992 

0.0 

2993 

0.0 

TABLE 

3- 

2.  RELATIVE  ADDRESS  REVERSE  DIRECTORY 

1 

A 

2685 

I 

CUTOUT 

2688 

I 

GFOOL 

354 

i 

1ZZF 

1463 

1 

I 

AKPH 

1478 

I 

CWING 

268  2 

1 

GFDDM 

358 

i 

IZZG 

lie 

I 

1 

ALFA 

2601 

I 

CYCFLG 

134 

I 

GPKDL 

359 

i 

1ZZGNR 

360 

I 

1 

ALPHA 

58 

I 

CZERO 

1252 

1 

GFKDM 

357 

i 

IZZGR 

350 

I 

I 

AOTR 

2683 

I 

Cl  FI 

146 

1 

G1NT 

61 

i 

IZZH 

1468 

I 

1 

API)  I 

664 

X 

Cl  11 

145 

I 

GK  STOP 

1277 

i 

KFBG 

2545 

I 

I 

APSX 

666 

i 

C2F1 

14b 

1 

GLCN 

661 

i 

KFPHG 

395 

1 

I 

ATC 

670 

i 

OCMR 

1256 

1 

GLCON 

69 

i 

KPH 

1487 

I 

1 

ATH 

668 

i 

DCMR1 

1347 

I 

GMASS 

139 

i 

KPHCON 

376 

I 

1 

AWING 

2681 

i 

OCOEF 

1341 

1 

GMCN 

662 

i 

KST  ART 

500 

I 

I 

AZT 

32 

x 

OELCD 

1264 

I 

GMCUN 

70 

i 

KTHCON 

377 

I 

1 

A1S 

64 

i 

DELTO 

112 

I 

GFD 

363 

i 

KT1 

134  5 

I 

X 

A1TR 

77 

X 

DELT2 

113 

I 

GRENG 

1474 

i 

KTO 

1346 

1 

I 

b 

2666 

I 

DELZOb 

1479 

I 

GRK 

362 

i 

KXCS 

585 

1 

I 

bET 

38 

1 

OEODA 

135 

I 

GKPRO 

1473 

i 

KXPR 

5B7 

1 

1 

BETA 

1266 

1 

DGOHG 

1263 

1 

GRTR 

1475 

i 

KYCS 

586 

1 

I 

BE7AG 

126 

I 

IKJEO 

271 

1 

GSLiL 

353 

i 

K1PRM 

593 

1 

1 

bF  AS 

1270 

I 

DOE  1 

272 

I 

GSDM 

356 

i 

K2PPM 

594 

I 

1 

bl 

1301 

I 

OPF 

2801 

1 

GSKL 

35? 

i 

LFB 

? 49? 

1 

I 

ELAOK 

1241 

1 

OPFD 

2805 

1 

CSKM 

355 

i 

MUB 

347 

1 

1 

RHS1F 

421 

1 

DPF1 

2809 

I 

H.-2F 

93 

i 

NAZ 

51 

I 

1 

RMSIF 

961 

1 

DPF2 

2813 

I 

HAKDSP 

4? 

i 

NGURF 

133 

1 

I 

bMSIF 

1001 

I 

OPHIS 

2549 

1 

HF 

96 

i 

N INC 

499 

1 

I 

FMS1F 

1041 

1 

OSOGJ 

1361 

I 

HMASS 

366 

i 

NMP 

150 

1 

I 

E.MS1I 

761 

X 

DSTAF 

297 

I 

HPSFT 

1936 

i 

NMPAT 

680 

1 

I 

hMSIl 

6ul 

I 

OTHTS 

2550 

I 

HTh 

1 346 

i 

NPT 

1 940 

1 

I 

BMS1I 

841 

1 

OTHl 

1402 

1 

HUBL 

128 

i 

NRAO 

498 

1 

1 

BMSII 

881 

1 

DTH2 

1403 

1 

HVS 

103 

i 

NSDATA 

44 

1 

1 

bMS  2E 

1081 

1 

D VEU1 

58  2 

1 

1 AMCS 

490 

i 

NVAR1 

299 

1 

I 

EMS2E 

1121 

1 

0VE02 

584 

I 

1BLAUE 

1300 

i 

NVA  k2 

30G 

1 

1 

bMS2E 

1161 

1 

E 

1961 

1 

1LUNTR 

4fc 

i 

NVEC1 

301 

1 

1 

6MS2F 

1201 

1 

L 

136 

I 

1DLCUR 

1*,°9 

i 

NVEC? 

1 801 

1 

I 

BP 

53 

1 

EDIT 

104 

I 

IDYN 

2 670 

i 

U 

52 

1 

I 

F.PHI 

665 

1 

ENDMZZ 

07 

I 

IF  FT 

1483 

i 

11B 

82 

I 

I 

bPSl 

667 

1 

ENGHPX 

14  84 

I 

1FIEX 

349 

i 

PARCUN 

1 352 

I 

I 

1 X H 

66V 

1 

ETAE 

1 06 

I 

1EUIL 

2690 

i 

PBP 

251 

1 

1 

bl  S 

56 

1 

FACTM 

2559 

1 

I HA 

2560 

i 

PHI 

59 

I 

1 

C A PH  IS 

798 

I 

FAST 

440 

I 

1MAFIG 

1257 

i 

PHI kf  F 

1 269 

1 

I 

CASF 

60 

I 

FbLIF 

279 

I 

1HAPLT 

1 262 

i 

P IMP 

66 

I 

X 

CO 

? 66  1 

X 

FbLlI 

275 

I 

1 L LICK 

268v 

i 

P1MKG 

7? 

1 

I 

CFb 

1466 

1 

EbL2F 

283 

I 

1PHUKN 

1480 

i 

P1MRN1 

75 

I 

1 

CFLY 

1261 

I 

ECF 

1 14 

1 

IP  ITCH 

40 

i 

PPT  OK 

2B7  1 

1 

i 

CHI 

1 IV 

1 

FC(. 

116 

I 

1RL0T 

AM 

i 

PQF  NG 

691 

1 

I 

CH  Hi 

3A  t> 

I 

F I DOLE 

1494 

1 

lpr 1NT 

49 

i 

PUE  DM 

49? 

1 

I 

LL 

2621 

1 

FKS 

375 

1 

1 PUNCH 

47 

i 

Pkl 

2°5 

1 

I 

CL  AG 

311 

I 

FKSPT 

273 

I 

ISTALL 

2544 

i 

PSIEH 

2516 

1 

I 

CLXAb 

2761 

1 

FLAP2 

2M6 

1 

1XXENG 

1471 

i 

PSIFBL 

39  7 

I 

I 

CM 

26-.1 

I 

EMASS 

41 

1 

1XXF 

1461 

i 

PS1PG 

344 

I 

I 

CONK 

1263 

1 

FMN 

441 

1 

IXXG 

361 

i 

PS1TE 

64  1 

I 

i 

COPAF 

] 

1 

FX 

1751 

1 

IXXPKO 

1470 

i 

PSLCPL 

256! 

1 

I 

CDF  l) 

lie 

1 

GA1MT 

1981 

1 

IX  YF 

1464 

i 

PT 

151 

1 

X 

CPhDSP 

37b 

1 

G A INI 

2471 

I 

1XZF 

1464 

i 

PTAU1U 

661 

1 

I 

CRSFG 

4^7 

1 

GAMMA 

1266 

1 

1 YYF 

146? 

i 

PTHUAT 

74  1 

1 

I 

Cl  Hl»SP 

37  V 

1 

GAMMA 

63 

1 

1YYTR 

1472 

i 

PI  HO 

21  1 

1 

I 

CTF.1M 

1250 

1 

G A STOP 

1276 

1 

1YZF 

1^66 

i 

P1H01H 

231 

I 

^jgj^lgf 
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I 

PXCS 

171 

1 

THkCCJN 

1350 

1 

YPXtlF 

365 

1 

I 

1 

PXCS AT 

701 

1 

TUTORS 

20C1 

1 

YTk 

27  A 

1 

1 

I 

PXXX 

JHt' 

1 

THTPU 

2161 

1 

All  PH 

1 A77 

I 

1 

1 

PYCS 

1V1 

1 

THO 

56 

1 

ZFhAR 

37A 

I 

I 

I 

PYCSAT 

721 

1 

THOTP 

57 

l 

ZGS 

1 A6V 

1 

I 

I 

PYP  Z 

3**Y 

1 

TH1 

P 5 

I 

ZG1 

1 A 1 

1 

1 

I 

OCGZ 

1 3 b 

1 

TMAIITC 

1V3Y 

I 

2 1 V 1 

1A12 

I 

I 

1 

L 1 MK 

67 

1 

TNP0C1Y 

1776 

1 

Z1V2 

1A13 

1 

1 

1 

UIMPD 

73 

I 

TURCUN 

13  51 

I 

ZIV3 

1 A 1 A 

1 

1 

1 

OlMRNl 

7 o 

1 

TC'RFLG 

1 a v7 

I 

ZJLIM 

2 5A6 

1 

1 

I 

CKGZl 

137 

1 

T P API 

2 P.  3 1 

1 

Z JUG 

1 A82 

I 

1 

I 

OKGZ2 

Iau 

1 

T PH 

1AP8 

1 

ZL  VI 

l A 1 p 

1 

I 

1 

IKXCS 

1 ?3 

I 

TKJMC 

33 

1 

ZUV2 

1 Al  V 

I 

I 

1 

LKXCSG 

3 a? 

1 

TP.MUPD 

20GC 

1 

ZCl  V3 

lA2o 

1 

I 

1 

OKYCS 

\cH 

1 

TSCLt 

2YL 

1 

ZKM1 

2 522 

1 

I 

1 

O'KYCSG 

:-A3 

1 

TSLUPL 

z552 

1 

ZPMP1 

2 b?H 

1 

I 

1 

la  M 

5a1 

1 

T STOP 

lAVfc 

1 

ZObL 

3A  fo 

I 

1 

i 

CjMCON 

2 5M 

1 

T TP 

1501 

I 

I 

I 

I 

Ikl 

?YP 

1 

TTFLAG 

1A0A 

I 

I 

I 

I 

V 

kl 

i 

TUkNLF 

1A3 

1 

I 

1 

I 

P.  F h 

2 5a  7 

1 

TUkNSN 

1 aA 

1 

1 

1 

1 

XML 

?vo 

1 

TwlP 

1z7V 

1 

1 

1 

1 

F.HI 

10V 

1 

TXS 

?VA 

1 

1 

1 

1 

HP 

lib 

1 

VI  Cl 

bF  1 

I 

1 

1 

1 

P.LL 

ll7 

1 

Vt  0? 

583 

I 

I 

1 

1 

kkK 

1 i 7fc 

J 

VT 

62 

1 

I 

1 

1 

KT  P 

l‘i  LA 

I 

W 1 MR 

65 

1 

I 

1 

1 

X TbAF.G 

lAVl 

I 

HXMPL) 

71 

1 

I 

1 

1 

SLHS 

101 

1 

W 1MPN1 

7A 

1 

1 

I 

I 

LI  TP 

Vb 

1 

WITk 

7t 

1 

I 

1 

I 

SLVS 

102 

I 

X C PUL 

*■37 

1 

I 

1 

1 

LHALLA 

111 

1 

XCSMAX 

31 

1 

1 

1 

] 

SNl.f  LF 

00 

1 

XCS1 

aPP 

X 

I 

1 

I 

^ ( 

12S1 

1 

XLS? 

58V 

I 

I 

1 

1 

ST  A70 

2570 

1 

XF  LAP 

372 

I 

1 

1 

1 

STX 

v7 

1 

XNTAb 

20^1 

1 

1 

X 

I 

SVK 

1 Ft  1 

1 

X ST  OIF 

251A 

1 

1 

1 

I 

LX 

Sol 

1 

XT  FIT F 

36A 

1 

1 

1 

1 

SY 

6ol 

1 

Y 

1661 

1 

X 

I 

1 

T 

1 VAl 

1 

YCPOL 

A 38 

I 

I 

1 

1 

T AL 

12<  7 

I 

YCS 

1a2  1 

1 

I 

I 

1 

TAD 

l 0 

1 

Y C SMA  X 

A VA 

I 

1 

X 

I 

T A UAL T 

3!.l 

1 

YC  SI 

5 VO 

1 

I 

1 

1 

TALK 

bob 

1 

YD 

16  Vl 

1 

I 

1 

1 

TC 

Z L 7 

1 

Y CD 

1721 

I 

1 

1 

UT 

1 A o l 

1 

YF6AR 

373 

I 

1 

1 

1 

TCTAF 

?t.Vb 

1 

Y XVI 

1-OY 

I 

1 

1 

1 

TC  TP  A 

1 2F.C 

1 

Y I V? 

1 A 1 0 

1 

I 

i 

X 

TC  UT 

3(. 

1 

YXV3 

1 A 1 1 

X 

I 

1 

1 

TCUTO 

2 b b 3 

I 

YJUG 

1 A p 1 

1 

I 

1 

I 

TCUT3 

2 55a 

1 

YNA 

1521 

1 

I 

1 

1 

TCX 

2V2 

1 

YCIV1 

1A15 

1 

1 

I 

I 

TC  Y 

2V3 

X 

YUV? 

1A16 

I 

1 

1 

1 

TP  X T I X 

6o3 

1 

Y0V3 

1A17 

I 

1 

1 

I 

THOl 

2321 

1 

YP 

13A9 

I 

1 

1 

The  program  has  two  modes  of  operation:  TRIM  and  FLY.  In  both  cases  the 

equations  of  motion  are  solved  in  the1  time  domain.  In  TRIM  the  user 
specifies  the  flight  condition  by  giving  the  trajectory  velocity,  the  air 
density,  the  load  factor,  and  other  essential  data.  Only  the  blade 
degrees  of  freedom  are  integrated  in  TRIM.  TRIM  directly  controls  the 
main  rotor  collective,  the  main  rotor  cyclic  angles,  the  tail  rotor 
collective,  the  fuselage  angle  of  attack  and  the  bank  angle  (or  whatever 
combination  of  trim  variables  are  specified  by  the  trim  option),  and 
adjusts  their  value  until  the  trim  criteria  are  satisfied.  The  vehicle  is 
usually  understood  to  be  trimmed  when  the  mean  value  of  the  accelerations 
of  the  degrees  of  freedom  approach  zero.  Vibratory  components  of  IP,  2P, 
etc.,  are  allowed  in  all  the  degrees  of  freedom.  One  exception  is  a trim 
option  which  does  not  trim  out  the  longitudinal  acceleration  before  FLY. 
TRIM  could  be  conducted  to  any  nonsteady  flight  condition,  but  the  need 
has  not  arisen. 

In  FLY  nil  the  degrees  of  freedom  can  be  operative.  More  typically  some 
of  the  degrees  of  freedom  involving  high-frequency  modes  are  locked  out, 
especially  shaft  bending  and  dynamic  torsion  or  dynamic  pitch  horn 
bending.  The  fixed  shaft  option  is  commonly  u'-ed  and  allows  only  the 
blade  modes  and  the  swash-plate  degrees  of  freedom  to  operate. 

At  times  a Fast  Fourier  Transform  Analysis  is  used  to  analyze  the  damping 
and  frequency  of  transient  rotor  modes  from  their  time  histories.  This 
analysis  is  conducted  by  a separate  program  that  is  not  part  of  the  REXOR 
package  of  subroutines.  Rather  it  is  one  of  a number  of  subsidiary 
programs  such  as  the  blade  mode  generator,  the  feather  linkage  program, 
etc. , used  in  "job  step"  with  REXOR.  The  documentation  of  these  sub- 
sidiary programs  is  outside  the  scope  of  this  report. 

3.3.1  Case  Identification 

Case  identification  consists  of  a case  number,  and  two  title  cards.  The 
case  number  and  titles  will  appear  on  the  printed  output  for  identifica- 
tion. The  case  number  will  also  appear  on  every  frame,  along  with  the 
date,  of  the  graphic  output.  See  Table  3-3. 


TABLE  3-3. 

CASE  IDENTIFICATION 

Input  Quantity 

Address 

case  number 

50 

60  characters 

1 

60  characters 

1 6 

93 
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3.3.2  Trim  Initialization 

A number  of  inputs  must  be  initialized  to  start  trim.  Air  data  conditions 
required  are  given  in  Table  3-4. 


TABLE  3-4.  AIR  DATA  CONDITIONS 

Input  Quantity 

Address 

V 

s 

cs 

speed  of  sound,  ft/sec 

1291 

p 

RHO 

atmosphere  density, 
slugs/ft^ 

109 

h 

H 

altitude,  ft 

93 

The  altitude  input  is  required  to  define  a ground  effect  function.  This 
function  can  be  ignored  by  setting  the  altitude  to  some  large  value  such 
as  1000  ft.  An  input  of  zero  is  not  acceptable. 

Trajectory  and  body  orientation  must  be  initialized.  The  required  param- 
eters are  presented  in  Table  3-5.  Each  azimuth,  is  assumed  zero  and 
not  included  in  the  problem.  Pitch  attitude,  0p.,  will  be  computed  in  the 
program . 


TABLE  3-5-  TRIM  INPUT  PARAMETER 

Input  Quantity 

Address 

VT 

VT 

True  velocity,  ft/sec 

62 

SF 

BET 

Sideslip  angle,  rad,  + RT 

38 

aF 

ALPHA 

Angle  of  attack,  rad,  + N UP 

58 

yf 

GAMMA 

Flight  path  angle,  rad,  + climb 

63 

^E 

PHI 

Bank  angle,  rad,  + RT 

59 

% 

0 

Main  rotor  speed,  rad /sec 

52 
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Speed,  Vrj,,  and  sides  Ip  aiifd  e , 3p,  will  remain  fixed  as  input  but  may  vary 
during  the  fly  computation.  The  other  angles  either  remain  fixed,  or  are 
initial  conditions  for  the  trim  iteration  procedure  which  is  covered  in 
Section  3.3.3. 

The  vehicle  body  races  are  det  rrnined  by  the  following  equations  during 
trim : 


p = 

“ \ Sin  °E 

(3-1) 

q = 

cos  0 sin 

*E 

(3-2) 

r = 

'i  cos  0 cos 
E L 

w 

-©- 

(3-3) 

where  the  yaw  velocity  is  determined  by  the  relation 

<L  =_£_  K (n2  -l)h  (3-4) 

T 

• 

n and  K are  inputs  (Table  3-6)  and  determine  ^ . 

h 


TABLE  3-6.  TURN  INPUTS 


Input  Quantity 

Address 

n 

TURNLF 

TURN  LOAD  FACTOR 

143 

K 

TURNSN 

TURN  DIRECTION  INDICATOR. 

~=3 

i — 1 

+1,  RIGHT;  -1,  LEFT. 

Normal  inputs  for  the  load  factor  and  turn  sign  are 


n = 1 

and  K = 1, 

giving  unaccelerat  2d  flight. 
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For  special  studies  it  may  be  desirable  to  specify  initial  roll  and  pitch 
rates.  The  inputs  of  Table  3-7  are  used  for  this  purpose. 


TABLE  3-7.  INITIAL  PITCH-ROLL  DATA 

Input  Quantity 

Address 

Pq  PRI  Initial  F 11  Rate,  rad/sec 

QRI  Initial  Pitch  Rate,  rad/sec 

295 

296 

If  either  input  is  non  zero,  then: 


P = 


P 


0 


q = q0 


Incremental  rotor  shaft  moments  may  be  specified  via  inputs.  These  are 
given  in  Table  3-8. 


TABLE  3-8.  INCREMENTAL  SHAFT  MOMENTS 

Input  Quantity 

Address 

TRIMQ(l) 

Incremental  Shaft  Roll  Mom. , 
ft-lb,  + RT. 

33 

TRIMQ(2) 

Incremental  Shaft  Pitch  Mom., 
ft-lb,  +N.  UP 

3^ 

Main  rotor  and  tail  rotor  downvash  functions  are  modeled  in  REXOR  with 
lag  equations  of  the  form 


n+1 

w 


-dt/x  n , -dt/x, 
e w + (1  - e J 


(vn) 


(3-5) 
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These  equations  require  time  constants,  r . An  initial  set  of  values  may 
be  input  to  begin  the  process  under  favorable  conditions.  The  downvash 
quantities  and  input  addresses  are  given  in  Table  3-9-  Tail  rotor  flap- 
ping dynamics  are  also  modeled  with  a first-order  lag,  and  the  flapping 
angle  is  included  in  Table  3-9- 


| 


TABLE  3-S.  INFLOW  DATA 


Input  Quantity 

Address 

WIMR 

Vertical  Downvash 

+DN 

65 

PIMR 

Roll  Downvash 

+RT 

66 

QIMR 

Pitch  Downvash 

+N  UP 

67 

WITH 

Tail  Rotor  Dovnwas 

h 

78 

AITR 

Tail  Rotor  Longitudinal  Flap  Angle 

77 

NOTE: 

WIMR  is  a divisor  on  the 
value  must  be  used. 

program;  therefore, 

some  non-zero 

Although  initial  values  are  not  required,  except  for  WIMR,  good  initial 
guesses  may  be  helpful  to  the  trim  convergence  speed. 


The  lag  equation  time  constants  for  the  above  functions  are  required  for 
both  physical  realism  and  program  numerical  stability.  See  Table  3-10. 


TABLE  3-10.  TIME  LAG  CONSTANTS 

Input  Quantity 

Address 

TC(l)  t for  downvash  functions  during 

287 

trim 

TC(2)  t for  downvash  functions  during 

288 

fly 

TC(3)  t for  tail  rotor  flap  angle 

289 

function 
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3.3.3 


Trim  Operation 
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Three  trim  techniques  have  been  programmed  in  REXOR.  The  first  is 
characterized  as  a fully  integrated  trim  in  which  all  blades  and 
corresponding  modes  are  integrated.  A second  procedure,  known  as  single 
blade  trim,  has  been  programmed.  One  blade,  representing  the  rotor,  is 
integrated  around  a rotor  revolution.  After  each  revolution  the  blades 
are  analyzed  for  their  collective  and  cyclic  components  and  trim  varia- 
bles adjusted.  This  technique  has  sometimes  resulted  in  a modest  amount 
of  savings  ir.  the  time  to  trim.  A third  method  known  as  harmonic  trim  is 
programmed  but  was  never  successfully  employed.  Although  one  blade  trim 
has  been  used,  the  level  of  confidence  in  its  adaptability  to  a variety 
of  conditions  is  too  low  to  warrant  its  documentation  here.  RA(^lt)  ~ 
FAST  = 0 gives  the  fully  integrated  trim  technique.  A number  of  inputs 
exist  which  are  associated  with  the  single  blade  and  harmonic  trim 
options.  These  addresses  are  listed  in  Table  3-11  for  completeness. 


TABLE  3-11. 

TRIM  OPTIONS 

Input  Quantity 

Address 

FAST 

UUO 

TCUTO 

2553 

TCUT3 

255U 

I HA 

2560 

QMCON  (6) 

2561  - 2566 

GAIN1  (19) 

2571  - 2589 

TP ART  (6,6) 

2831  - 2866 

DCOEF  (It) 

13ll  _ 13I4I4 

The  fully  integrated  trim  is  then  characterized  as  follows.  All  main 
rotor  blade  modes  are  integrated  and  allowed  to  reach  steady-rate  values 
unattended  except  for  an  initial  period  of  artificial  structural  damping 
which  is  designed  to  speed  up  the  trimming  process.  Structural  damping 
inputs  are  discussed  in  detail  in  Section  3. 3. 7. 2 which  covers  modal  data 
input.  Trim  integration  is  controlled  by  0,  the  main  rotor  rotation 
speed  and  AZT  the  number  of  computations  per  rotor  revolution.  The 
integration  interval  is  then 


At  = 


2 TT 

(AZT) (0) 


(3-6) 


A trim  operational  cutoff  or  limit  stop  is  provided  in  the  form  of  a 
maximum  number  of  revolutions  to  trim,  TCUT.  If  trim  has  not  been 
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achieved  "by  the  specified  number  of  revolutions,  the  TRIM  mode  is 
terminated  and  the  FLY  mode  is  entered.  Values  for  the  inputs  of 
Table  3-12  are  required. 


TABLE  3-12.  TRIM  INTEGRATION  DEFINITION 

Input  Quantity 

Address 

£ip  0 Rotor  speed,  rad/sec 

52 

AZT  Number  of  time  points  per 

revolution  of  trim 

32 

TOUT  Maximum  number  of  revolutions 

in  trim 

36 

Past  experience  shows  that  a value  less  than  120  is  marginal  for  AZT,  and 
at  times  a value  as  high  as  100  has  been  necessary.  However,  when  the 
program  is  operated  with  all  the  high-frequency  modes  cut  out;  i.e.  , a 
"hard"  swash-plate,  no  shaft  bending,  no  blade  torsion,  no  pitch  horn 
bending,  and  only  the  first  inplane  and  first  flap  mode  operative,  then 
a value  of  AZT=2^  is  possible. 

Simply  stated,  trim  is  a state  of  system  equilibrium.  The  function  of 
the  trim  segment  of  the  program  is  to  reach  that  state.  Pilot  controls, 
vehicle  attitude,  and  other  system  unknowns  are  determined  such  that 
starting  boundary  conditions  are  met  by  the  equations  of  motion  using  a 
repeating  solution.  The  appropriate  values  of  the  problem  unknown  are 
determined  iteratively  by  a control  algorithm  of  the  form 


x , = x “ fJa)Kdt  (3-7 ) 

n+i  n n 

f (a)  = e dt//l  f (a)  + a (3-8) 

n n-1 


where  the  subscript  n denotes  the  nth  computation  point.  Assuming  a 
functional  relationship  between  a and  X,  the  above  control  relationship 
can  be  used  to  determine  the  value  of  X such  that  a = 0.  Within  REXOR  it 
has  not  been  found  necessary  to  consider  the  controls  and  accelerations 
as  a system.  Independent  relationships  are  assumed.  Accelerations  thus 
can  be  matched  one  to  one  with  a control  input.  For  example,  vertical 
acceleration  is  only  controlled  by  main  rotor  collective.  Before  pro- 
ceeding, notice  that  there  are  two  parameters  in  the  control  equation, 
namely  t and  K,  which  can  be  used  to  control  convergence.  Indeed,  these 
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arc  input  parameters  to  REXOR.  Experience  has  shown  that  tau,  t5  should 
be  set  such  that  the  ratio  dt/r  remains  a constant  and  near  a value  of  0.3 
K is  considered  a gain  factor  and  particular  to  the  variables  involved. 
Thus,  a set  of  gains  is  defined  in  the  input  address,  Table  3-13. 


TABLE  3-13.  TRIM  GAINS 

Input 

Quantity 

Address 

T 

TAU 

\ 

Trim  control  time 
Constant 

80 

K 

GAINT(l) 

See  Section  3.2  for 
complete  definitions 

l 

1981 

GAINT ( 19 ) 

/ 

1999 

The  normal  conditions  for  trim  are 


^ = ^ = *F  = PF  = = = 0 


The  controls  available  to  achieve  these  conditions  are  the  attitude 


angles  ctp  Yp,  ‘f’p,  defined  in  Section  3.3.2,  the  propeller  pitch,  B , 
compound  helicopters,  the  tail  rotor  collective,  9 ijr  , the  main  rotor 


collective,  9q,  and  the  main  rotor  cyclic  angles  A^g  and  Bpg.  Since 
th°re  are  more  unknown  equations,  a choice  of  active  controls  must  be 
made.  REXOR  provides  a number  of  trim  options  including  autorotation 
and  a so-called  trim  "tied  to  a post"  where  the  longitudinal  acceleration 
is  left  untrimmed.  An  input  flag  is  used  to  communicate  to  the  program 
the  trim  option  desired.  That  flag  is  RA(lU2)  = C0RAF-1.  Table  3-1 
defines  the  trim  options,  indicates  the  functional' relationships  between 
the  controls  and  the  accelerations,  and  denotes  which  gains  must  be  used. 
Notice  that  the  control  input  addresses  serve  as  initial  guesses  or 
constants,  depending  on  their  use. 


Note  that  the  main  rotor  cyclic  angles,  the  tail  rotor . collective , and 
the  roll  angle  trim  the  respective  quantities  pF,  qp,  rp,  Vp  to  zero,  no 
matter  what  the  trim  option.  The  accelerations  Up  and  Vy  are  trimmed  to 


Trim  Options 
RA(lU2)  = CORAF-1 


TABLE  3-1)4.  TRIM  VARIABLE  SCHEDULE 


Trim  Controls 


ALPHA 


GAMMA 


ENDMZZ 


Initial 

Value  RA(53)  RA(56)  RA(58)  RA(63) 


Trim  Options  ( CORAF-1 ) 

0.  Compound  helicopter,  collective  trim,  hover  or  forward  flight. 

1.  Compound  helicopter,  angle  of  attack  trim,  forward  flight. 

2.  Any  helicopter,  flight  path  angle  trim  with  engine  torque 
specified,  RA( U 5 ) = CRSFG  = 0. 

2'.  Any  helicopter,  autorotation,  RA()-+5)  = CRSFG  = 1. 

3.  Any  helicopter,  "Tied  to  a Post",  RA( U 5 ) = CRSFG  = 0. 
k.  Any  helicopter,  hover  or  forward  flight. 
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TABLE  3—1 U - Continued 


Trim  Considerations: 

1.  For  all  flight  trim  options: 


RA 

Trim  Variable 

GAINT 

Trims 

54 

A1S 

4 

PF 

55 

3is 

5 

57 

THOTR 

6 

*F 

59 

PHI 

2 

2.  Trim  constants  must  be  specified  except  RA(53)  = BP  with  no  pro- 
peller, and  RA(92)  = ENDMZZ  when  RA(45)  = CRSFG  = 1. 

3.  See  engine  inputs  for  instructions  to  defeat  engine  torque  output 
in  autorotation  (RA(l42)  = 2,  RA(92)  = 0 and  RA(45)  = 0). 


zero  by  a pair  of  trim  variables  chosen  from  propeller  blade  angle,  main 
rotor  collective,  the  angle  of  attack,  and  the  flight  path  angle  with 
the  exception  of  RA(l42)  = 3.  Note  another  trim  variable,  the  engine 
trim  torque  ENDMZZ,  is  included  in  the  table  to  trim  the  rotor.  The  rotor 
azimuth  degree  of  freedom  is  often  called  the  engine  degree  of  freedom, 
which  is  perhaps  a misnomer  in  autorotation  where  the  engine  inputs  must 
be  zeroed  to  prevent  the  engine  from  supplying  torque. 

There  is  nothing  in  the  trim  procedures  to  limit  the  aircraft  attitude  in 
trim.  Vertical,  sideways,  or  inverted  flight  are  possible  but  unusual. 
Experience  with  the  program  in  other  than  normal  flight  attitudes  or  in 
autorotation  is  limited.  If  the  swashplate  degrees  of  freedom  are 
active,  then  three  more, trim  conditions  are  added  to  the  active  trim 
option,  and  are  given  in  Table  3-15- 


TABLE  3- 

15.  SWASHPLATE 

TRIM  GAINS 

Trim 

Control 

Quantity 

Gain 

Name 

Address 

Nulled 

Name 

. 

Address 

GLCON 

69 

sp 

"7 

1987 

GMCON 

70 

®sp 

Kl4 

1994 

ZGS 

1479 

Z 

sp 

K8 

1988 

103 


■d  - B <0 . 001 
B1S  IS 


0O ' - 0OI  <0-001 


a t _ 0 <0.001 

htr  tr  1 


b _ d>  <0.01 
E E 


Ta  - <0.01 


j a’  _ a|  <Q  where  Q = 0.01  if  HPSET  i 0 

q = 0.001  Otherwise 
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V _ Gm 

CO!!  'CON 


20 


°M  - GM 
CON  CON 


<20 


V _ Gl 

lcn  lcn 


gm  - gm 

CN  CN 


<1 


HPSET  is  RA(1936).  The  rate  of  trim  convergence  is  controlled  by  size 
of  the  trim  gains.  A trim  gain  too  high  causes  a convergence  failure 
("bomb"),  a value  too  low  wastes  computer  time.  The  program  does  not 
automatically  determine  the  trim  gains.  The  usual  procedure  is  to  make 
a guesstimate  of  the  value  based  on  past  experience  and  observe  the 
trim  time-history  plot.  The  gain  can  be  increased  on  slow-to-trim 
variables,  and  decreased  on  those  that  appear  to  be  oscillating  or 
following  the  vibratory  component  of  the  acce!  erations  as  well  as  the 
mean. 

One  specialized  mode  of  operation  which  requires  attention  during  trim 
is  the  so-called  "fixed  shaft"  run  in  which  only  the  main  rotor  and  swash- 
plate  are  considered.  A fixed  shaft  run  is  activated  by  setting  the  input 
NGORF  = RA(l33)  to  some  non-zero  value.  A fixed  shaft  run  can  be  trimmed 
to  a specified  rotor  lift  and  shaft  roll  and  pitch  moments.  The  inputs 
are  given  in  Table  3-17. 
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For  trimming  purposes,  the  moments  and  lift  are  transformed 
accelerations . 


wp  = V23  = (Fz  + TRIMQ(3)j  /Mr 


Pp  = V'2l)  = (mxx  - TRIMQ(l) 


)71 


XXT 


qF  = Y 


25  = - TRIMQ(2)  j/lyY 


(3-9) 

(3-10) 

(3-11) 


The  required  trim  gains  are  determined  by  the  trim  option  in  effect. 

Effort  and  computer  time  can  be  reduced  for  repeated  or  similar  cases 
by  the  use  of  an  option  known  as  "trim  save."  The  actuation  of 
IPUNCH  = RA(U7)  causes  trim  cards  to  be  punched  of  pertinent  values  at 
the  end  of  a successful  trim.  These  trim  cards  in  RA  format  may  be  used 
to  initialize  a case  at  similar  conditions.  They  should  be  used  with  care 
to  be  sure  the  desired  flight  conditions  are  not  being  overridden  by  these 
trim  save  cards.  "Trim  save"  data  can  also  be  saved  internally  in  the  pro- 
gram by  activating  a flap  known  as  TRMUPD  = RA(2000).  It  is  intended  to 
save  trim  computing  time  when  the  next  case  is  similar  to  the  preceding  one 


Table  3-18  gives  all  of  the  addresses  which  will  be  punched  if  IPUNCH  = 1. 


TABLE  3-18.  TRIM  PUNCH  CARDS 


Quantity 

Addresses 

CASE 

50 

BP 

53 

A1S 

54 

BIS 

55 

THO 

56 

THOTR 

57 

ALPHA 

58 

PHI 

59 

VT 

62 

GAMMA 

63 

(OPEN) 

64 

WIMR 

65 

PIMR 

66 

QIMR 

67 

(OPEN) 

68 

GLCON 

69 

GMCON 

70 

WIMRD 

71 

PIMRD 

72 

QIMRD 

73 

WIMRN1 

74 

PIMRN1 

75 

QIMRN1 

76 

A1TR 

77 

W1TR 

78 

GLCN 

661 

GMCN 

662 

CZERO 

1252 

Y(l)  -Y ( 30 ) 

1661-1690 

YD(l)  - YD(30) 

1691-1720 

YDD(l)  - YDD(30) 

1721-1750 

THTORS  ( 40 , 4 ) 

2001-2160 

THTRD( 40,4) 

2161-2320 

THG1  (40,4) 

2321-2480 

dpf(4) 

2801-2804 

dpfd(4) 

2805-2808 

dpfi(4) 

2809-2812 

D?F2(4) 

2813-2816 

i 

* 

A 
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3 . 3 . It  FLY 

Upon  the  successful  completion  of  TRIM,  the  FLY  mode  may  he  entered.  Dur- 
ing the  FLY  mode,  the  complete  system  of  equations,  as  defined  by  the  user, 
is  integrated  for  a specified  period  of  equivalent  real  time.  A variety 
of  control  inputs  may  be  exercised,  and  are  discussed  below.  The  user  con- 
trols the  FLY  time  history  with  three  input  parameters.  The  integration 
step  size  during  FLY  is  determined  by  the  relation 


dt  = 2 it  / ( NAZ ) ( 0 ) 


(3-12) 


which  is  the  same  relation  as  is  used  for  TRIM  with  the  exception  that 
step  increment  NAZ  is  input  in  RA.  (51)  for  FLY.  The  parameter  TSTOP 
(RA  1 14 98 ) is  the  durat  ion  of  FLY  in  seconds.  A special  integration  con- 
trol, GINT  (RA  6l),  is  provided  for  the  control  gyro.  The  control  gyro 
degrees  of  freedom  are  integrated  separately.  The  integration  step  size 
is  computed  as 


dt_  = dt/GINT 

Cj 


(3-13) 


where  GINT  > 1,  and  dt  is  the  normal  FLY  integration  interval. 


WARNING : This  feature  is  not  compatible  with  the  flexible 

shaft  degrees  of  freedom. 


3. 3.^.1  Pilot  Input 

A pilot  can  be  simulated  with  a time  history  of  control  displacements 
as  inputs.  The  displacements  can  be  those  for  a step,  a pulse,  etc., 
or  the  actual  time  history  of  the  control  displacements  from  flight 
tests.  This  input  is  only  the  incremental  maneuvering  input  over  and 
above  that  required  for  trim.  The  pilot  controls  are  lateral 
and  longitudinal  stick  position,  main  rotor  collective  angle,  tail 
rotor  collective  angle,  propeller  blade  angle,  and  rotor  speed.  The 
rotor  speed  input  is  operative  only  when  the  rotor  speed  degree  of 
freedom  is  off.  The  pilot  inputs  for  main  and  tail  rotor  collectives 
arc  equivalent  to  the  cockpit  collective  handle  and  rudder  pedals. 

The  vertical  swashplate  degree  of  freedom  changes  the  pilot's  collec- 
tive setting  ac  the  rotor,  and  a tail  rotor  damper  changes  the  actual 
tail  rotor  collective  from  the  pilot  command.  The  pilot  control  com- 
mands are  inputted  to  the  program  in  tabular  form  as  a function  of 
time.  One  table  of  time  values  is  used  in  connection  with  all  com- 
mand tables. 


To  illustrate  the  procedure  consider  Figure  3-5.  Assume  ‘.he  desired 
data  points  for  three  functions,  yq , yg,  and  y are  denoted  by  the 
circles.  Each  function  is  individually  projected  onto  the  time  axis. 
Then  the  total  set  of  time  points  is  reprojected  onto  each  function 
as  A's.  The  resultant  time  table  will  be  the  total  set  of  time  points 
and  values  at  the  A's  as  well  as  the  0's.  All  functions  are  linearly 
interpolated.  Functions  are  evaluated  as  constant  for  times  beyond 
the  last  time  point,  i.e.,  no  extrapolation.  A step  function  must  be 
approximated  with  a ramp.  More  specifically,  the  table  times  must 
adhere  to  the  relation 


t - t > dt  ( 3—1^ ) 

n n-1 


where  dt  is  the  integration  step  size.  If  the  second  time  table  value 
is  zero,  then  the  program  assumes  no  pilot  inputs.  The  tables  are 
restricted  to  twenty  (20)  points.  The  number  of  points  used  is  re- 
quired as  an  input.  The  controls  and  addresses  are  given  in 
Table  3-19. 

In  the  equations  that  follow,  the  value  of  a function  resulting  from 
a pilot  table  lookup  will  be  subscripted  with  a (P).  The  trimmed 
value  of  a control  will  be  denoted  with  a subscript  (t). 

The  resultant  propeller  pitch,  6^,  is  then 


3 


P 


+ 6 


P,T 


(3-15) 


The  resultant  main  rotor  collective  is  not  only  a function  of  pilot 
maneuvering  and  trim,  but  also  swashplate  motion. 


°0  = 


0O,T  + 


90,P  ^zsp 


ZSP,T^e 


(3-16) 


where  e is  the  pitch  horn  arm.  Note  that  Z and  Z ,p  are  made  equal 
at  the  end  of  trim. 

If  the  engine  degree  of  freedom  is  not  active,  then  a variable  rotor 
speed  can  be  simulated  by  inputting  a differential  speed  in  PSITB(20) 
as  described  above , resulting  in  the  equation 


♦h- 


A<F 


B,P 


+ ft 


(3-17) 
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TABLE  3-19.  CONTROL  INPUTS 

— 

Input  Quantity 

Address 

[IMP 

Humber  of  points  in  control  tables 

150 

PT(20) 

Pilot  time  table,  sec 

151-170 

PXCS( 20) 

Pilot  longitudinal  stick  displ. 
(+)  aft,  ft 

171-190 

PYCS(20) 

Pilot  lateral  stick  disol. 
(+)  right,  ft 

191-210 

PTH0( 20) 

Pilot  collective  input 
(+)  thrust,  rad 

211-230 

PTH0TR( 20 ) 

Pilot  tail  rotor  coll,  input 
(+)  thrust,  rad 

231-250 

PBP(20) 

Pilot  prop,  blade  angle 
input  (+)  thrust,  rad 

251-270 

PSITB( 20 ) 

Pilot  engine  speed,  rad/sec 
differential  from  nominal 

6Ul— 660 

where 


n = RA( 52 ) 


The  trim  plus  maneuvering  stick  travel  has  limits  imposed  by  the  stops 
RA(3l)  = XCSMAX  and  RA(l9^)  = YCSMAX.  The  pilot  stick  actuators  are 
represented  by  simple  first-order  lag  with  time  constants  RA(292)  = 

TCX  and  RA(293)  = TCY.  The  actuators  are  also  rate  limited.  In  terms 
of  stick  rates  these  inputs  are  RA(l37)  = XPPDL  and  RA(l38)  = YCPDL. 

3. 3. 1.2  Control  Devices 

A number  of  control  system  stability  augmentors,  linkage  compensators 
and  sensitivity  devices  exist  in  the  REXCR  code.  Some  are  of  a gen- 
eral nature  whereas  some  represent  a problem  fix  for  a.  particular 
application . 

A tail  rotor  yaw  damper  and  actuator  is  modeled.  RA(l278)  = RRK  is 
the  feedback  gain  between  yaw  rate  and  tail  rotor  collective,  and 
RA(l279)  - TWTR  is  the  washout  time  for  this  feedback  loop.  The 
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See  Figure  3-6 


4 


actuator  time  constant  is  given  by  RA(l280)  = TCTRA. 
for  a diagram. 

The  helicopter  can  be  artifically  stabilized  by  an  artifical  scick 
stabilizer  for  special  studies.  The  formulation  permits  specifying  a 
time  history  of  the  pitch  attitude,  RA(l50l)  = TTB(l)  and  following 
points.  The  equations  are 


CS 


(0H  - 


JH,T  “ A0,C  6H,C^  + E9  l 


qH,T^ 


(3-18) 


and 


(<P, 


,T  ^ 


+ B. 


(3-19) 


which  indicate  increments  from  trim  of  the  roll  angle  and  the  pitch 
angle  of  the  principal  axis  and  their  time  rates  being  used  as  feed- 
back to  the  stick.  The  feedback  gains  A0,  etc.,  are  not  input, 
rather  - A0  At,  etc.,  such  that 


AXCS  ” Ae  (0H  0H,T  Ae,C  9H,C)  + B0  (qH  " qH,T^ 


and 


4ICS  = A*  (*H  - *H,t’  + Bi  % - Ph.T* 


( 3-dl) 


The  increments  AXg  g and  AYg  g are  added  to  the  stick  positions  at 
every  time  point,  ’in  a similar  manner 


A9  = A!  (ty  - i|>  ) 

OTR ,S  ^ v K H ,x 


+ Bi 


‘ rH,T) 


(3-22) 


which  is  an  input  added  to  the  tail  rotor  collective  over  and  above 
that  added  by  the  yaw  damper.  The  inputs  of  interest  are 

TiA(66U)  = APHI  = A^ 

RA(665)  = BPHI  = 


112 


LEGEND: 


'TR,R 


d 


OTR.T 


d 


OTR.P 


e, 


OTR 

^TR 

%TR 

A0n 


OTR 


YAW  DAMPER  GAIN 

FUSELAGE  YAW  RATE 

TRIM  TAIL  ROTOR  COLLECTIVE 

PILOT'S  TAIL  ROTOR  COLLECTIVE  INCREMENT 

TRUE  TAIL  ROTOR  COLLECTIVE 

TAIL  ROTOR  COLLECTIVE  ACTUATOR  TIME  CONSTANT 
YAW  DAMPER  WASHOUT  TIME  CONSTANT 
SEE  SECTION  3.3.4.2 


Figure  3-6 


Yaw  Damper 


RA(66C)  = APSI  = A^ 

RA( 667 ) = BPSI  = B’ 

PJ\(668)  = AT  II  = A'( 

RA(669)  = BTH  = B,' 

PJV(670)  = ATC  = A 

5 v' 

RA ( 1501 ) = TTB(l)  = «H  c 

and  following  TTB  is  used  in  conjunction  with  the  pilot  time  points 
elements  starting  with  RA(l5l)  = PT(l). 

Several  control  devices  are  programmed  which  were  flight  tested  on 
early  versions  of  the  AH-56A  helicopter.  The  devices  are  a longi- 
tudinal stick  desensitizer,  a lateral  stick  desensitizer,  a pitch-roll 
decoupler  and  a lift -roll  decoupler.  See  Figures  3-7  and  3-8  for  math 
model  schematics.  All  but  the  lift-roll  decoupler  are  flagged  by 
RA(90)  = IPITCH.  The  lift-roll  decoupler  is  turned  on  by  RA(l^99)  = 

IDECUP  = 1.  The  inputs  associated  with  each  device  are  as  follows: 

Longitudinal  stick  desensitizer 

RA( 581 ) = VEQ1  = V , 
el 

RA( 582)  = DVEQ1  = AV  , 

el 

RA( 585 ) = KXCS  = K 
RA( 588 ) = XCS1  = LXC1 
RA(  589)  = XCS2  --  LXC2 
Lateral  stick  desensitizer 
RA( 586)  = KYCS  = Kyc 

ra( 590)  = ycsi  = lyc1 

Pitch  roll  decoupler 

RA( 583)  = VEQ2  = V 

ed 

RA( 58U ) = DVEQ2  = AV 

ed 

RA(  587 ) = KXPR  = 

RA(  589)  = XCS2  = Lx(,2 

i 

\ 

i 
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c.l 


’F 


LIMITER 


LEGEND: 

PF 

Ve  = VF/(^ 

KXC'  KXP 
Vev  Ve2 

AVev  AVe2 

*C,P 

XCS 


FUSELAGE  PITCH  RATE 

EQUIVALENT  AIRSPEED 

SYSTEM  GAINS 

SCHEDULER  BREAKPOINTS 

SCHEDULER  SLOPES 

PILOT  COMMAND  LONGITUDINAL  STICK 

ACTUATOR  COMMAND  LONGITUDINAL  CYCLIC 


Figure  3-7-  Longitudinal  Stick  Desensitizer  and  Pitch-Roll  Decoupler. 
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The  Limit  for  the  roil  rate  that  is  feedback  for  the  pitch-roll 
decouplei’  and  all  the  lift-roll  decoupler  feedback  constants  are 
values  which  are  built  into  the  program. 

Flight  profile  following  autopilots  have  been  used  in  REXOR  and  some 
elements  may  exist  in  the  code.  However,  due  to  the  specialized 
nature  of  the  code  and  lack  of  documenting  information  this  area  of 
the  code  is  not  considered  operational . The  inputs  involved  are 
RA(  680)  through  RA(760),  RA(l90l)  through  RA(1935)  and  RA(1939) 
through  RA(1980) . 

3. 3. 4.3  lockout  of  Degrees  of  Freedom 

REXOR  is  configured  to  analyze  a ro tore raft  represented  by  a basic  set 
of  generalized  coordinates,  together  with  optional  additions  or  dele- 
tions. This  basic  set  consists  of  three  blade  modes  for  each  of  four 
blades:  tlu-ee  swashplate  degrees  of  freedom;  one  rotor  degree  of  free- 

dom; and  six  hub  degrees  of  freedom.  The  user,  via  input  controls, 
can  add  or  subtract  to  this  basic  set.  The  input  flags  and  their 
meaning  are  discussed  below. 

Hub: 

The  six  hub  degrees  of  freedom  can  be  removed  by  setting 

NGORF  (RA.  133)  = 1. 

This  option  is  further  discussed  in  Section  3-3.3. 

Rotor  Rotation: 

The  main  rotor  rotation  rate,  , can  be  held  constant,  i.e., 

n 

*R  ‘ a 


by  setting 


CRSFG  (RA  45)  =1.0 

This  degree  of  freedom  is  sometimes  referred  *0  as  the  engine. 
Swashplate : 

A hard  swashplate  (stiff  support  springs)  is  obtained  by  setting 

HARDSP  (RA  42)  = 1.0 
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which  locks  out  the  swashplate  decrees  of  freedom.  In  this  mode,  the 
swashp'i  ate  is  geared  to  the  pilot  cyclic  stick. 

Second  Flap  Bending: 

The  blade  second  flap  mode  can  be  removed  by  setting 

FLAP2  (PA  2515)  = 1.0. 

The  necessary  adjustment  of  input  data  associated  with  the  second  flap 
is  handled  by  the  propram. 

Single  Blade: 

For  special  studies,  the  user  may  wish  to  operate  just  one  blade. 

When 


STIGBLF  (RA  60)  = 1.0, 


a maximum  of  four  degrees  of  freedom  for  blade  1 are  operative. 

These  are  fhe  three  blade  bending  modes  plus  the  dynamic  pitch  horn 
or  dynamic  torsion  mode.  Experience  with  this  option  is  limited. 

Shaft  Bending: 

Two  shaft  bending  degrees  of  freedom,  <J>  and  0g,  can  be  activated  by 
setting 


IFLEX  IRA  399)  = 1. 

This  option  is  not  compatible  with  the  fixed  hub  option.  A complete 
treatment  of  shaft  bending  as  an  option  is  presented  in  Section  3.3-16. 

Pitch  Horn: 

A pitch  horn  bending  degree  of  freedom  for  each  blade  can  be  activated 
by  setting 

TPHORN  (RA  1U80)  =1.0. 

A full  discussion  of  pitch  horn  bending  and  its  associated  inputs  is 
presented  in  Section  3-3.7 . ^ . 

Dynamic  Torsion: 

A dynamic  torsion  degree  of  freedom  for  each  blade  can  be  activated  by 
setting 

IDYII  (RA  2870)  = 1.0. 
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A fur"*. her  discussion  of  dynamic  torsion  can  be  found  in  Cec- 
r.ion  ^ . 3 . T - ‘3  - This  option  is  incompatible  with  pitch  horn  Lending. 

Control  Gyro  : 

The  activation  of  the  control  gyro  degrees  of  freedom,  <p  and  0 , is 
accomplished  by  setting 

I ATILT'  (LA  L90)  = 1.0. 

This  option  is  completely  discussed  in  flection  3. 3. 15- 
Tee  t er i n g Ro tor : 

A teetering  rotor  simulation  is  activated  by  setting 

TEETER  (RA  663)  = 1.0. 

When  activated,  the  number  of  blades  is  automatically  reduced  to  two 
and  the  blade  flapping  modes  are  redefined,  fee  Volume  I,  Sec- 
tion 6.7  for  details. 

3 . 3 . k . U Reactionless  Inplane  Excitation 

The  three  constants  starting  with  RA(l^?l)  = KTWANG(l)  input  an  arti- 
ficial increment  to  the  inplane  mode  displacement  for  inplane  damping 
studies.  The  increment  is  applied  +,  -,  + and  - to  blades  1,2,3  and 
f to  excite  the  reactionless  mode  directly.  (The  reactionless  mode  is 
difficult  tc  excite  by  pilot  stick  displacement  because  only  second- 
order  effects  are  involved.)  The  twang  is  s' . ; table  only  for  a four- 
bladed  rotor  and  occurs  after  the  first  two  evolutions  in  FLY. 
TWAriG(l)  is  the  input  at  the  first  time  point  (which  is  usually  suffi- 
cient to  excite  the  mode);  TWANG(2)  at  the  second  time  point;  and 
TWANG ( 3)  at  the  third. 

3.3.5  Output  Options 

The  user  can  call  up  a number  of  outputs  from  REXOR.  For  discussion  pur- 
poses, they  will  be  categorized  according  to  output  media,  i.e.,  print, 
punch,  plot,  and  tape. 

3 . 3 . 5 -1  Print 

REXOR  print  output  is  primarily  for  diagnostic  purposes.  The  format 
of  the  printing  is  given  in  Section  5-  The  control  and  use  of  the 
available  print  data  is  discussed  below. 
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The  generalized  mass  matrix  can  be  optimally  printed  by  setting 


ICOHTP.  (RA  it  6)  = 1.0 


When  activated,  the  mass  matrix  will  be  printed  twice:  once  at  the 

beginning  of  TRIM  and  again  at  the  beginning  of  FLY.  The  output 
format  is  self-explanatory. 

TRIM  diagnostic  print  can  be  generated  by  setting 


IPRINT  {RA  1*9)  = 1.0. 


When  activated,  the  block  of  print  data  described  in  Section  5 will  be 
printed  every  time  point  for  the  first  rotor  revolution.  This  option 
generates  a great  deal  of  print  and  should  be  used  sparingly. 

Although  Harmonic  Analysis  is  an  optional  printout,  it  will  be  dis- 
cussed separately  in  Section  3.3.6. 

3 . 3 . 5 . 2 PLOT 

Plot  (graphic)  output  is  the  primary  form  of  REXOR  output,  and  is  con- 
trolled by  the  user  via 


I PLOT  (RA  1*8 ) , 


where : 


IPLOT  =0  no  plots 
= 1 TRIM  only 
= 2 FLY  only 


= 3 plot  TRIM  and  FLY 

= U special  addition  to  FLY  plots. 

All  plots  are  time  histories.  The  format  is  similar  to  a strip  chart 
recorder,  i.e.,  there  is  a reference  signal  and  four  2-inch  channels 
per  frame. 


Figure  3-9  shows  a typical  block  of  data.  The  reference  signal  is  the 
sine  of  the  azimuth  of  blade  1,  together  with  a ruler-like  scale  with 
divisions  every  90  degrees.  Each  signal  is  identified  with  an  ab- 
breviated title  which  usually  includes  the  units.  The  positive  axis 
is  identified  with  some  physical  interpretation,  finally,  a number 
is  printed  which  represents  the  axis  scale  in  units  per  inch.  Scaling 
will  be  explained  in  detail  below. 

The  plotting  algorithm  is  table  driven,  i.e.,  a master  list  of  output 
signals  are  defined.  The  user,  via  input,  specifies  which  signals  he 
wishes  to  see  plotted.  Each  signal  is  identified  by  a signal  number 
and  is  referred  to  by  that  number.  TRIM  plots  and  FLY  plots  are 
handled  separately.  During  TRIM  a maximum  of  forty  signals  may  be 
plotted.  The  signal  definition  table  is  presented  in  Table  3-20.  The 
abscissa  scale  for  TRIM  plots  is  fixed  at  four  rotor  revolutions  per 
inch  of  paper.  All  ordinate  scales  are  determined  by  the  program. 

The  plot  frequency  is  determined  automatically  such  that  approximately 
50  points  per  inch  are  plotted. 

The  user  chooses  from  the  TRIM  signal  definition  table,  the  signals  he 
wishes  to  be  plotted. 

The  signals  are  entered  into  the  input  table  (NVEC1  (RA  301  through 
RA  3^*0)  by  number.  The  number  of  signals  plotted  must  be  entered  in 
NVAR1  (RA  299)-  The  reader  can  refer  to  Section  3.2  for  an  example. 
The  signals  are  plotted  in  the  order  they  appear  in  the  input  table, 
four  signals  per  frame  counting  from  bottom  to  top. 

The  effective  sweep  and  droop  calculations  which  are  available  for 
output  can  be  made  at  a specified  station  location.  The  desired  loca- 
tion, in  feet,  is  input  in  DSTAF  (FA  297 ) . If  no  input  is  made,  then 
calculations  will  be  at  the  tip  of  the  blade. 

The  user  can  call  for  the  plotting  of  up  to  50  signals  during  FLY. 

The  FLY  signal  definition  table  is  presented  in  Table  3-21.  The  user 
lists  the  plot  signal  numbers  in  NVEC2  (RA  1801  through  RA  1850). 

The  number  of  signals  plotted  must  be  input  in  NVAR2  (RA  300).  See 
Section  3.2  for  examples. 

During  FLY,  the  user  has  plot  scale  control.  Two  inputs  determine  the 
abscissa  scaling.  CYCFLG  (RA  13*0  determines  the  type  of  units  where 

RA(l3*0  = 0 gives  seconds/inch 

RA(l3*0  = 1 gives  revolutions/inch. 

TCSLE  (RA  298)  is  the  scaling  magnitude.  The  inputs  of 
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Figure  3-9-  Typical  Block  of  Time  History  Data. 
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Figure  3-9-  Typical  Block  of  Time  History  Data. 
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TABLE  3-20.  TRIM  PLOT  SIGNAL  TABLE 
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Swashplate  roll  acceleration  S PL  ROLL  ACC,  DEG/S2 
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TABLE  3-21.  FLY  PLOT  SIGNAL  TABLE 


* 


RA(13M  = o 

would  produce  a scale  of  1 second  per  inch  of  plot.  An  abscissa  scale 
of  revolutions  (cycles)  per  inch  is  meaningful  only  for  constant  rotor 
speed  runs . The  program  automatically  scales  each  signal  to  fit  the 
two-inch  channel.  However,  the  user  may  specify  scaling.  Ordinate 
scales  are  entered  in  SVEC  (RA  1851  through  RA  1900).  Entries  in 
SVEC  must  parallel  NVEC2.  For  example,  if  one  wished  to  override  the 
scaling  of  the  third  function  plotted,  then  he  would  enter  the  desired 
scale  in  SVEC(3)  = RA(l853). 

The  Special  plot  option  controlled  by  the  input  IPLOT  = U vail  pro- 
duce the  TRIM  and  the  FLY  plot  obtained  vath  IPLOT  = 3.  In  addition, 
a plot  at  an  expanded  time  scale  of  0.25  revolutions  per  inch  is 
obtained  at  the  end  of  FLY.  The  program  adds  an  extra  0.5  sec  to 
RA(l^98)  = TSTOP  for  the  expanded  plots. 

3. 3. 5*  3 Punch 

The  program  can  produce  BCD  (Binary  Coded  Decimal)  punch  cards.  TRIM 
save  cards  are  punched  when  IPUNCH  (RA  U7)  =1.  This  is  explained  in 
Section  3.3.3. 

A data  deck  editing  feature  is  also  available.  If  EDIT  (RA  10U)  = 1 
is  inserted  in  the  data  deck,  an  uncluttered  master  data  deck  will  be 
produced.  This  flag  is  useful  when  numerous  changes  have  been  made  to 
the  master  deck,  or  it  has  been  subjected  to  numerous  master  overrides. 

3. 3- 5 • U TAPE 

A physical  or  logical  tape  containing  all  of  the  defined  FLY  plot  sig- 
nals can  be  generated.  These  time  histories  are  then  available  for 
further  signal  analysis.  This  option  is  activated  by  a nonzero  value 
for  IFFT  (RA  ll»83). 

The  program  computes  a counter  which  controls  how  often  data  is  saved 
for  plotting.  This  number  is  a function  of  the  plot  scaling,  and  com- 
putation interval.  For  a normal  run  a typical  value  is  every  15th 
point.  Since  the  data  written  on  tape  by  this  option  is  also  the 
plotting  array,  the  value  of  TFFT  can  be  used  to  specify  the  data  save 
frequency.  If  the  computed  plot  frequency  is  adequate  for  tape  use, 
then  IFFT  should  be  some  large  number  such  as  100.  If 


IFFT  < Np  (Plot  Frequency), 


Near  equal  values 


4 


then  IFFT  will  become  the  counter  for  data  saving, 
will  cause  mixed  results  as  to  the  source  of  timing. 

The  format  of  the  data  tape  is  shown  in  Table  3-22.  The  tape  is 
FORTRAN  UNIT  8 written  unformatted. 


TABLE  3-22.  TAPE 

FORMAT 

RECORD  1 

CASE 
PLT  INC 
NPTS 

RA(50) 

AT  between  points 
tf  of  points 

2 

SIGNAL  //I 

n=l , , NPTS 

3 

SIGNAL  #2 

n=l , — , NPTS 

6l 

SIGNAL  #60 

n=l , — , NPTS 

3.3.6  Harmonic  Analysis 

Harmonic  analysis  is  turned  on  by  RA(l257)  = IHAFLG  = 1.  RA(l262)  = 

HAPLT  = 1 supplies  time  history  plots  of  harmonic  analysis  parameters  at 
the  end  of  trim.  During  FLY  a subset  of  the  parameters  selected  for  har- 
monic analysis  are  plotted.  The  harmonic  analysis  flag  needs  to  be  on  for 
time  histories  at  the  end  of  trim,  but  not  for  the  fly  plots.  The  vari- 
ables that  are  analyzed  are  indicated  in  Table  3-23.  Units,  directions 
and  axes  are  listed.  Note  that  DTH1  = RA(l^C2),  DTH2  = RA(l^03)  and 
DSTAF  = RA(297)  are  required  inputs  as  explained  in  the  tables. 

Harmonic  analysis  "beats"  the  signal  to  be  analyzed  with  harmonics  of  the 
rotor  rotation  frequency.  Assuming  a function  of  the  form 


F(6R) 


= F 


CO 

E 

m=l 


c m 


cos 


CO 

E 

m=l 


s,  m 


sin 


(mvJjR ) 


(3-23) 


then 
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2m 


E- 


2m/  / (V  d*R 


( 3-2U ) 
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TABLE  3-23.  HARMONIC  ANALYSIS  VARIABLES 


Symbol 

FI! 

Measured  Data 

Units 

Direct 

Positive 

Axis 

© 

1 

Shaft  longitudinal  force 

lb 

Forward 

Non-rot . 

2 

Shaft  lateral  force 

lb 

Right 

Non-rot . 

3 

Shaft  axial  force 

lb 

Down 

Non-rot . 

1+ 

Rotor  roll  moment 

in- lb 

Right 

Non- rot . 

5 

Rotor  pitch  moment  < ■ 

in- lb 

Nose  up 

Non-rot . 

6 

Rotor  torque  moment 

in-lb 

Clock- 

wise 

Non-rot . 

7 

Blade  tfl  feathering  angle 

deg 

Nose  up 

Non-rot . 

8 

Elastic  twist  at  blade  tip 

deg 

Nose  up 

Shear 

Center 

9 

Elastic  twist  at  DTH1  = RA(l402) 

deg 

Nose  up 

Shear 

Center 

10 

Elastic  twist  at  DTH2  = RA(l403) 

deg 

Nose  up 

Shear 

Center 

11 

Blade  #1  feathering  moment 

in-lb 

Nose  down 

Shaft 

12 

Effective  sweep  at  DSTAF  = RA(297) 

rad 

Forward 

Feather 

13 

Effective  droop  at  DSTAF  = RA(297) 

rad 

Down 

Feather 

14 

Blad-  il  tip  flap  displacement 

in 

Down 

Root 

15 

Shaft  longitudinal  force,  aero  only 

lb 

Forward 

Non-rot . 

16 

Shaft  lateral  force,  aero  only 

lb 

Right 

Non-rot . 

17 

Shaft  axial  force,  aero  only 

lb 

Down 

Non-rot . 

18 

Rotor  roll  moment,  aero  only 

in-lb 

Right 

Non-rot . 

19 

Rotor  pitch  moment,  aero  only 

in- lb 

Nose  up 

Non-rot. 

20 

Rotor  torque  moment,  aero  only 

in-lb 

Clock- 

wise 

Non-rot. 

21 

Blade  root  span  force 

lb 

Inboard 

Root 

22 

Blade  root  inplane  shear 

lb 

Forward 

Root 

23 

Blade  root  flap  shear 

lb 

Downward 

Root 

24 

Blade  root  roll  moment 

in- lb 

Nose  down 

Root 

25 

Blade  root  flap  moment 

in-lb 

Down 

Root 

26 

Blade  root  inplane  moment 

in-lb 

Aft 

Root 

27 

Blade  root  span  force,  aero  only 

lb 

Inboard 

Root 

28 

Blade  root  inplane  shear,  aero  only 

lb 

Forward 

Root 

29 

Blade  root  flap  shear,  aero  only 

lb 

Downward 

Root 

3C 

Blade  root  roll  moment,  aero  only 

in-lb 

Nose  down 

Root 

31 

Blade  root  flap  moment,  aero  only 

in-lb 

Down 

Root 

32 

Blade  root  inplane  moment,  aero  only 

in- lb 

Aft 

Root 

33 

Time  component,  mode  1,  blade  1 * 12 

in 

Forward 

Root 

34 

Time  component,  mode  2,  blade  1 * 12 

in 

Down 

Root 

35 

Time  component,  mode  3,  blade  1*12 

in 

Down 

Root 

36 

Generalized  force,  mode  1,  blade  1 * 

12 

in-lb 

Forward 

Root 

37 

Generalized  force,  mode  2,  blade  1 * 

12 

in -lb 

Down 

Root 

38 

Generalized  force,  mode  3,  blade  1 * 

12 

in -lb 

Down 

Root 

! 
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TABLE  3-23  - Continued 


Symbol 

ilA-  Measured  Data  - 

SAVE  Blade  Span  Variables  at  Each  Sta.  (l) 

Units 

Direct 

Positive 

Axis 

® 

1 

Span  deflection 

in 

Inboard 

Root 

2 

Inplane  deflection 

in 

Forward 

Root 

3 

Flap  deflection 

in 

Down 

Root 

it 

Angle  of  attack 

deg 

Nose  up 

3/4  Chord 

5 

Distributed  span  force,  aero  only 

lb/ ft 

Inboard 

Root 

6 

Distributed  inplane  force,  aero  only 

lb/ ft 

Forward 

Root 

7 

Distributed  flap  force,  aero  only 

Ib/ft 

Down 

Root 

0 

Tnplane  slope 

deg 

Forward 

Root 

Q 

Fiap  slope 

deg 

Down 

Root 

10 

Torsion,  aero  only 

in-lb 

Nose  down 

1/4  Chord 

11 

Span  force 

lb 

Inward 

Neutral 

12 

Inplane  shear 

lb 

Forward 

Neutral 

13 

Flap  shear 

lb 

Down 

Neutral 

lit 

Torsion 

in- lb 

Nose  up 

Shear 

center 

15 

Flap  moment 

in- lb 

Up 

Neutral 

1 6 Inplane  moment 

NOTES : 

in-lb 

Forward 

Neutral 

1. 

The  blade  element  axes  listed  as  1/ U chord,  3/4  chord,  neutral  or 
shear  center  have  axes  normal  and  coincident  with  the  blade  element 
chord  line.  Some  blade  variables  have  components  aligned  with  blade 
root  axes  which  are  normal  and  coincident  with  the  blade  reference 
axis  at  station  zero  on  the  rotor  centerline. 

2. 

The  array  HASAVE  (l6,20)  is  equivalanced 
FH  (39)). 

to  FH;  (HASAVE  (l, 

1), 

1 V. 


% 


c 


Z 


F (VR) 


cos 


' in  ) 


d U 


(3-25) 


and 


F 

s ,m 


(V  Sin  <»V  ^R 

O 


(3-26) 


where  FQ  is  the  mean,  Fc  m is  the  cosine  component  and  FS5m  is  the  sine 
component.  The  program  analyses  up  to  the  sixth  harmonic,  and  operates 
during  the  last  revolution  in  TRIM.  The  mean,  sine  and  cosine  components, 
plus  their  resp -ctive  vector  representation  are  tabulated.  The  phase  is 
the  angle  from  zero  azimuth  where  blade  1 is  in  aft  position  to  the  first 
positive  maximum  for  the  harmonic  in  question. 

The  harmonic  analysis  made  on  blade  loads  requires  integration  from  the 
tip  to  the  blade  station  in  question.  Thus,  in  preparing  for  harmonic 
analysis  the  program  turns  around  the  integration.  Typically, 


fU), 


= F 


BLE,  BL1 


XO 


BL1 


z 

i-1 


F(i) 


BLE,BL1 


(3-27) 


where  F\ 


is  the  blade  root  span  force  and  F(i)xT 


is  the  value 


XOrlI  w“w  *''ww  “““  a'-WABLE,BLl 

integrated  from  the  root  to  the  station  in  question,  a value  saved  during 
the  root  to  tip  integration.  The  quantity  on  the  left-hand  side  of  the 
equation  is  then  the  load  integrated  from  the  tip.  Next  the  loads  are 
transferred  from  points  lying  on  the  blade  root  axes  to  points  lying  on  the 
blade  axes,  which  is  the  inverse  process  of  that  given  in  Volume  I,  Sec- 
tion 6 . 6 . U : 
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The  notation  BL1E  indicates  an  axis  system  parallel  to  BL1  axes,  but  with 
origin  on  the  blade  line  of  interest;  this  blade  line  being  the  neutral 
axis,  the  shear  center  axis  or  whatever  is  appropriate  for  the  blade  vari- 
able. Finally,  a rotation  finds  the  loads  in  the  blade  element  axes: 
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3.3.7  Main  Rotor  Blade 


3. 3.7.1  Geometry 

The  program  takes  a straight  line  radiating  from  the  shaft  at  the  hub 
center  and  builds  up  the  blade  reference  line  which  is  taken  to  pass 
through  the  quarter  chord  line.  REXOR  blade  station  locations  are  in 
the  array,  SX.  Do  not  use  more  than  20  stations.  The  first  blade 
station,  SX(l),  is  a dummy  and  zero  modal  data  can  be  provided.  SX(2) 
should  be  at  the  inboard  edge  of  the  movable  hub.  RA(500  + NRAD)  = 

R = RA(8l).  The  blade  station  for  starting  the  blade  integration, 
RA(500)  = KSTART,  is  usually  set  ct  2,  and  the  station  interval  in- 
crement, RA(^99)  = NINC,  set  at  1. 

At  each  spanwise  station  the  chordwise  location  of  a number  of  blade 
element  properties  are  specified.  These  are  the  element  center  of 
gravity,  the  neutral  axis,  and  the  shear  center.  Note  again  that 
these  data  are  specified  with  respect  to  the  quarter-chord  line.  The 
basic  reference  data  is  summarized  in  Table  3-2^. 

A number  of  other  items  are  tabulated  at  blade  stations  such  as  mass, 
torsion,  and  modal  data.  These  will  be  presented  in  their  respective 
sections . 

Geometric  twist,  0>pW,  and  coning  30,  are  additional  inputs.  Coning  is 
assumed  to  start  at  the  shaft  center  line.  Additional  inputs  include 
blade  droop  angle  relative  to  the  precone  angle,  Y , blade  sweep,  t0, 
and  offsets  Yj0g  and  Zj0g.  All  of  these  design  parameters  are  mea- 
sured at  a specified  blade  location  termed  STA70.  STA70  is  an  input 
(feet),  and  does  not  necessarily  correspond  to  a station  location. 
This  location  is  often  the  location  at  which  the  movable  hub  attaches 
to  the  blade  proper. 

The  feather  bearing  locations  are  described  by  two  inputs.  These  are 
the  location  of  an  inboard  bearing  HUBL(l)  and  the  distance  between 
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TABLE  3-2h.  BLADE  STATION  REFERENCE  DIMEIIf 

'IONS 

Input  Quantity 

Address 

I-iRAD 

No.  of  blade  stations 

t98 

rime 

Station  interval 

1^99 

KSTART 

Starting  station 

500 

SX 

Blade  station  locations,  ft 

501-5,i0 

SY 

Blade  element  c.g.  location  relative 
to  the  quarter  chord 

601-6U0 

YNA 

Location  of  neutral  axis  relative  to 
quarter  chord 

1521-15^*0 

YCS 

Location  of  shear  center  relative  to 
quarter  chord 

1121-11*60 

hearings,  HUBI<(2).  Both  locations  must  be  specified  to  permit  com- 
puting the  feather  axis  slope  from  the  bearing  displacements.  The 
program  internally  computes  the  offset  of  the  bearings  above  and  be- 
low the  blade  reference  axis  on  the  assumption  the  feather  axis 
crosses  the  blade  axis  midway  between  bearings.  The  feather  axis 
geometric  coning  is  specified  as  BFAS.  An  additional  offset,  DELZOB, 
can  be  specified  for  the  outboard  bearing.  Care  should  be  exercised 
as  the  geometric  coning  the  program  uses  will  be  increased  above  that 
specified  by  BFAS  to  account  for  DELZOB. 

Finally,  the  blade  radius,  R,  and  chord,  CORD,  a constant  over  the 
blade,  are  required.  All  of  these  geometric  inputs  are  fully  dis- 
cussed in  Volume  I in  Section  5-5.5.  They  are  summarized  in 
Table  3-25. 

The  blade  stations  for  the  inboard  and  outboard  ends  of  the  tension- 
torsion  pack  are  built  in  the  program  at  12.03  in.  and  30. It 3 in.  The 
ends  are  0.030  in.  and  0.3 66  in.  above  the  blade  reference  line, 
respectively.  The  tension  torsion  pack  is  the  blade  centrifugal  force 
restraint . 

3. 3. 7-2  Blade  Bending  Modes  and  Related  Data 

Each  blade  bending  mode  has  a chordwise  and  flapwise  displacement 
component,  but  not  an  elastic  twist  component.  Cases  are  usually  run 
with  three  bending  modes,  but  two  can  be  used.  Torsion  and  pitch  horn 
bending  are  treated  separately  (see  Sections  3. 3.7.1*  and  3. 3.7. 5 for 
a discussion  of  inputs). 
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TABLE 

3-25.  BLADE  ANGLES,  OFFSETS,  AND  DIMENSION 

O 

iJ 

Input  Quantity 

Address 

R 

R 

Blade  radius,  ft 

81 

°1 

THI 

Geometric  twist,  radians 

85 

c 

CORD 

Main  rotor  blade  chord,  ft 

110 

£tb 

HU3L(l ) 

Inboard  bearing  location,  ft 

128 

*B 

HUBL( 2 

Distance  between  bearings,  ft 

129 

^o 

BETA 

Blade  cone  angle,  deg 

1266 

To 

TA'J 

Blade  sweep , deg 

126? 

Y 

GAMMA 

Blade  droop , deg 

1268 

6 FA 

BFAS 

Blade  bearing  cone  angle 

1270 

azob 

DELSOB 

Outboard  bearing  offset  adjustment 

1^79 

Y, 

jog 

YJOG 

Blade  chordwise  offset,  ft 

l48l 

Z. 

ZJOG 

Blade  flapwise  offset,  ft 

11)82 

jog 

xsw 

STA70 

Location  where  sweep  and  droop  begin 

2570 

By  convention,  mode  1 is  taken  to  be  the  first  inplane,  mode  2 the 
1st  flap,  and  mode  3 the  2nd  flap.  Each  mode  is  presented  to  the 
program  in  an  array  where  the  row  index  (first)  corresponds  to  blade 
station  and  the  column  index  (second)  identifies  which  displacement 
or  slope.  For  instance,  the  inplane  mode  chordwise  displacement  at 
station  one  is  BMSll(l,l),  the  flapwise  displacement  is  BMSll(l,2), 
the  chordwise  and  flapwise  slopes  are  BM31l(l,3)  and  BMSll(l,l*).  The 
mode  shapes  are  defined  by  completing  the  first  index  for  the  speci- 
fied blade  stations.  A normalization  based  on  the  tip  chord  or  flap 
displacement,  whichever  is  greater,  has  been  frequently  used.  Any 
normalization  could  be  used  but  output  labels  are  based  on  unit  tip 
values . 

The  chordwise  and  flapwise  components  are  equal  to  the  inplane  and 
outplane  displacements  at  a reference  feather  angle  given  by  PHIREF. 
The  program  rotates  the  modes  with  the  feather  angle  so  that  the  bend- 
ing components  are  in  axes  fixed  to  the  blade.  A rotor  speed,  Si,  is 
also  specified  when  the  mode  shapes  are  computed.  The  rotor  speed  for 


139 


The 


4 


a given  case  should  be  reasonably  close  to  this  specified  speed, 
rotor  speed  input  location,  Rn( 52) , has  already  been  discussed. 

All  modes  are  nominally  with  the  chordwise/displacement  positive  for- 
ward and  the  flapwise  displacement  positive  down.  The  program  re- 
verses the  sign  on  the  flapwise  component  internally  to  match  BLn 
axes  convention. 

Modal  data  is  also  needed  at  the  feather  bearing  stations.  For 
mode  1,  FBLll(l,l)  is  the  chordwise  displacement  and  FBLll(2,l)  is 
the  flapwise  displacement  at  the  inboard  bearing  station.  FBLll(l,2) 
and  FBLll(2,2)  are  the  corresponding  values  for  the  outboard  bearing 
station.  Mode  2 and  3 bearing  deflections  are  similarly  specified. 

Additional  modal  data  is  required  when  the  program  is  computing  the 
control  configuration  which  features  direct  flap  feedback  to  an  iso- 
lated control  gyro.  The  outplane  displacement  is  ZRMl(l)  for  mode  1, 
ZRMl(2)  for  mode  2,  and  ZRMl(3)  for  mode  1.  In  a similar  manner, 
ZRMPl(l)  describes  the  outplane  slope  c nponents.  The  program  does 
rot  use  the  inplane  displacement  and  slope  components  to  describe  the 
flap  feedback. 

The  bending  modes  have  a feather  angle  component  given  by  the  coupling 
factors  C1I1,  C1F1 , and  C2F1  for  modes  1,  2,  and  3.  C1I1  is  the 
radians  of  feather  angle  per  radian  of  chordwise  feather  axis  slope 
deflection.  C1F1  and  C2F1  are  per  radian  of  flapwise  feather  bearing 
slope  deflection  for  modes  2 and  3.  The  coupling  factors  are  defined 
for  the  condition  that  the  end  of  the  pitch  horn  where  it  attaches  to 
the  pitch  link  remains  fixed  in  space  when  the  blade  bends.  The  pitch 
horn  is  also  assumed  not  to  bend,  the  bending  being  handled  by  sepa- 
rate programming. 

The  modal  inputs  discussed  thus  far  are  summarized  in  Table  3-26. 

A detailed  tension  torsion  pack  simulation  is  optional.  If  desired, 
if  is  activated  by  a flag  TTFLAG.  Note,  however,  that  tension  torsion 
pack  station  locations  are  currently  built  into  the  program  and  repre- 
sent Lockheed  Cheyenne  data  only.  Modal  data  is  required  if  this 
option  is  used.  Inputs  are  summarized  in  Table  3-27. 

The  program  computes  the  centrifugal  stiffness  by  adding  the  centri- 
fugal acceleration  in  with  the  other  accelerations  when  the  general- 
ized mode  force  is  found.  Only  the  structural  stiffness  is  required 
as  input.  This  is  presented  as  a 3 by  3 matrix,  BLADK.  Consult 
Volume  I,  Section  6.6.U  for  a formulation  for  this  symmetric  spring 
matrix.  The  off-diagonal  terms  cross  couple  modes,  as  would  be 
expected  even  for  orthogonal  modes.  The  units  given  in  the  input  tab- 
ulation for  the  spring  ar.d  other  modal  constants  assume  the  modal 
displacement  components  are  given  in  feet  and  the  slope  in  radians. 

The  modal  degrees  of  freedom  have  units  of  time.  Units,  however,  are 
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TABLE  3-26.  BLADE  MODAL  DATA 


Input  Quantity 

Andress 

BMS1I ( 1, 1 ) 

Y displacement,  inplane  mode 

761-800 

BMS1I ( 1 , 2 ) 

Z displacement,  inplane  mode 

801-81 0 

BMSllO.,3) 

dY/dS,  inplane  mode 

841-880 

BMSll(l,4) 

dZ/dS,  inplane  mode 

881-920 

bmsif(i,i) 

Y displacement,  1st  flap  mode 

921-960 

BMS1F(1,2) 

Z displacement,  1st  flap  mode 

961-1000 

BMSlF(l,3 ) 

dY/dS  , 1st  flap  mode 

1001.-10U0 

BMSlF(l,4) 

dZ/dS  , 1st  flap  mode 

10Ul-1080 

BMS 2F(l,l) 

Y displacement,  2nd  flap 

1081-1120 

BMS2F(l,2) 

Z displacement,  2nd  flap 

1121-1160 

BMS2F(l,  3 ) 

dY/dS  , 2nd  flap 

1161-1200 

BMS2F(l,4) 

dZ/dS  , 2nd  flap 

1201-1240 

PHIREF 

Blade  reference  feather  angle,  deg 
Feather  Bearing  Inplane  Mode: 

1269 

FBL1I ( 1 ,1 ) 

Inboard  Y displacement 

275 

(2,1) 

Z 

276 

(1,2) 

Outboard  Y 

277 

(2,2) 

Z 

Feather  Bearing  1st  Flap  Mode: 

278 

FBL1F(1,1) 

Inboard  Y displacement 

279 

(2,1) 

Z 

280 

(1,2) 

Outboard  Y 

28l 

(2,2) 

Z 

282 
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TABLE  3-26  - Continued 


Input  Quantity  Address 


Feather  Bearing  2nd  Flap  Mode: 

FBL2F(l,l)  Inboard  Y displacement  283 

(2.1)  Z 281+ 

(1.2)  Outboard  Y 285 

(2.2)  Z 286 

Outplane  Displacement  of  Feedback  Mount: 

ZRMI(1)  Blade  mode  1 2522 

(2)  2 2521 

(3)  3 2521+ 

Outplane  Slope  of  Feedback  Mount : 

ZRMPl(l)  Blade  mode  1 2528 

(2)  2 2529 

(3)  3 2530 

C1I1  Inplane  to  feather  coupling  factor  1 h 5 

C1F1  1st  flap  to  feather  coupling  factor  l46 

C1F2  2nd  flap  to  feather  coupling  factor  l48 


TABLE  3-27.  TENSION-TORSION  PACK  DATA 


Input  Quantity 

Address 

TTFLAG 

Flag  0 = OFF 

1 = ON 

Inplane  displacement,  inboard  end: 

lUOl 

YIV1 

mode  1 

1409 

YIV2 

2 

l4l0 

YIV3 

3 

Outplane  displacement,  inboard  end: 

lUll 

ZIV1 

mode  1 

1U12 

ZIV2 

O 

1413 

ZIV3 

3 

Inplane  displacement,  outboard  end: 

ihlk 

Y0V1 

mode  1 

lhl5 

Y0V2 

2 

lhl6 

Y0V3 

3 

Outplane  displacement,  outboard  end: 

1U17 

Z0V1 

mode  1 

lUl8 

Z0V2 

2 

1419 

ZGV3 

3 

1420 

not  indicated  for  the  modal  components  to  indicate  these  can  he 
arbitrarily  normalized.  Space  is  provided  in  the  inputs  starting  at 
RA(82)  = 0B(l)  for  the  modal  natural  frequencies.  These  are  not 
necessary  to  normal  program  operation. 

The  structural  damping  in  each  mode  is  the  same.  Its  contribution  to 
the  generalized  force  is 


3B 


3A 


= c 


mn 


o 

E 

j=i 


K . A. 
mj  jn 


(3-32) 


for  mode  m,  blade  n.  The  damping  constant  can  be  interpreted  as 


c = 2 Q 
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where  C is  the  damping  ratio  at  the  natural  frequency  of  interest. 
Three  inputs  control  the  damping  level  c:  CTRIM,  CFLY  and  CZERO. 

The  program  linearily  interpolates  between  CZERO  and  CTRIM  for  the 
first  second  in  TRIM.  CTRIM  should  have  a value  equal  to  C^ZY  or 
close  to  it.  CZERO  is  set  high,  a value  of  0.0156  being  typical,  to 
quiet  the  inplane  mode  promptly.  This  mode  typically  has  low  damping 
and  would  otherwise  take  an  excessive  time  in  TRIM  to  reach  a steady 
state.  The  damping  function  is  shown  in  Figure  3-10. 

If  an  external  lead-lag  damper  exists,  its  damping  constant  is  CLAG. 
The  usual  linear  damper  is  modeled  as  a rotary  equivalent  damper  act- 
ing about  the  read,  or  virtual  lead-lag  hinge.  Currently  REXOR  ap- 
proximates the  lead-lag  hinge  to  be  centered  between  the  feather 
bearings  in  order  to  use  the  feather  axis  slope  velocity,  Yj?  , avail- 
able for  this  location.  The  damper  produces  a moment  proportional 
to  the  feather  axis  slcpe  velocity. 

The  REXOR  blade  modal  and  external  (lead-lag)  damper  data  is  sum- 
marized in  Table  3-28. 

3 . 3 . T • 3 Blade  Aerodynamics 

A number  of  blade  aerodynamic  data  representations  are  available  in 
REXOR,  and  these  are  discussed  in  the  following  paragraphs.  All  the 
representations  use  a blade  roou  cutout  (drag  only,  no  lift  or 
moment)  identified  as  CUTOUT  = RA(2688). 

If  linear  aerodynamic  is  sufficient,  then  only  the  inputs  of 
^able  3-29  are  required. 

Nonlinear  aerodynamics  is  primarily  determined  by  built-in  tables. 
There  are  two  tabular  procedures  available.  Out.  is  known  as  the 
"seven  table  lookup"  which  provides 


°L 


(a,  M,  t/c,  C^  ) 

i 


(3-33) 


CD  = CD  (a,  M,  t/c,  CL  ) 

i 


(3 -2b) 


and  a choice  of  Cyj  tables.  The  other,  called  "fast  aero,"  provides 
a specialized  airfoil  which  is  determined  by  a highly  efficient  set 
of  interpolating  routines.  The  flag  IL00K  determines  whether  "seven 
table  lookup"  is  used  or  "fast  aero." 
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Figure  3-10 . TRIM-FLY  Damping  Function 
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TABLE  3-29.  LINEAR  AERODYNAMICS 


MS DATA 

SMALLA 
; DELTO 

DELT2 


Input  Quantity 
BLADE  AERO  FLAG 

set  = 1 for  linear  aerodynamics 
Blade  lift  slope,  dCT/da 

l_l 

Minimum  drag  coefficient,  C 
at  a = 0 n 

„2 „ 2 

d C /da 


Address 


UU 

111 

112 

113 


Once  the  table  values  are  determined,  an  increment  to  the  drag  coef- 
ficent  can  be  added  at  every  station  by  the  input  DELCD.  Further, 
an  increment,  DCMR,  to  the  pitching  moment  coefficient  resulting 
from  a trailing-edge  tab  can  be  added  between  the  inboard  and  out- 
board ends  of  that  tab  as  specified  by  the  inputs  KT1  and  KTO.  DCMR 
is  added  when 


KT1  S K § KTO 


(3-25) 


where  K is  the  REXOR  station  index. 

In  addition  to  the  root  cutout,  REXOR  also  computes  only  a drag  for 
the  outboard  blade  segment.  Thus,  a 'tip  loss'  factor  can  be 
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implicitly  applied  by  proper  choice  of  the  REXOR  station  just 
inboard  of  the  tip.  The  relationship  is 


SX  ( NRAD-1 ) = R#(2B-l) 


(3-36) 


where  R is  the  blade  radius  and  B is  the  tip  loss  factor. 

Returning  to  aerodynamic  table  lookup,  if  ILOOK  = 1,  then  the  "seven 
table  lookup"  option  is  in  effect.  Thickness  ratio,  t/c,  and  design 
lift  coefficient,  Cl^ , must  be  input  as  a function  of  normalized 
blade  location,  xn,  where  0 5 xn  <1.  The  desired  C^  table  is 
determined  by  the  input  value  of  IFOIL  where  IFOIL  = 0 gives  the 
MCA  23008  airfoil  and  IFOIL  = 1 results  in  the  NACA  type  0012  table. 

If  ILOOK  = 0,  then  the  fast  aero  tables  are  used.  These  special 
tables  are  currently  fitted  with  the  Cheyenne  helicopter  blade  data. 

A Cheyenne  phase  2 or  phase  3 blade  may  be  modeled.  A phase  2 blade 
is  activated  by  setting  IBLADE  = 2.  Here  an  increment  is  added  to 
the  23008  Cm  table  value  that  is  a function  of  angle  of  attack  and 
thickness  ratio. 


CM  = C (table)  - 0.3U  • t/c,  ' « (3-37) 

MM  1 


where 


t/c  = t/c  - 0.08 


and 


a = (30  - a )/lU  < 1. 


For  a phase  3 blade,  determined  b,v  setting  IBLADE  = 0,  a simple 
increment  may  be  added. 


C,  = C„  (table)  + DCMR1  (input)  (3-38) 

MM 


The  user  should  be  aware  that  for  either  a phase  2 or  3 blade  the 
angle  of  attack  for  the  pitching  moment  tables  is  modified: 
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* J 


(3-39) 


= a 


+ K. 


* (M  - O.T)  * (t/c  - 0.08) 


where  Ku  is  1*00  if  t/e  < 0.08  or  is  243  otherwise.  The  angle  of 
attack  is  unmodified  for  Mach  = M > 0.7. 

Under  tne  special  table  option  a further  refinement  may  be  made  known 
as  dynamic  stall.  Dynamic  stall  is  triggered  by  setting  ISTALL  = 1. 

A reference  angle  factor,  FACTM,  is  required.  A.  description  of  its 
nature  is  found  in  Volume  I,  Section  7 .2.3. h .2.  Nonlinear  aerody- 
namic inputs  are  summarized  ir.  Table  3-30. 


TABLE  3-30.  NONLINEAR  BLADE  AERO  DATA 

Input  Quantity 

Address 

DELCD 

Blade  element  incremental  C^ 

1264 

KTI 

Inbound  blade  tab  station  number 

1345 

KT0 

Outboard  blade  tab  station  number 

1346 

DCMR 

Incremental  for  blade  tab 

1256 

I LOOK 

Aero  mable  flag 

2689 

For  I LOOK  = 

1 only: 

IFOIL 

table  flag 

2690 

XNTAB 

Normalized  blade  location  table 

2691-2695 

TCTAB 

Thickness  ratio  table 

2696-2700 

CLTAB 

Design  lift  coefficient  table 

2701-2705 

For  I LOOK  = 

0 only: 

IBLADE 

Cheyenne  blade  option  flag 
= 2 phase  2 
= 0 phase  3 

1300 

DCMR1 

Incremental  C^  for  phase  3 blade 

1347 

ISTALL 

Dynamic  stall  simulation  flag 

2555 

FACTM 

Reference  angle  factor 

2559 
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3 . 3 - T • *-*  Pitch  Horn  Bending 


The  program  can  be  directed  to  simulate  quasi-static  or  dynamic  pitch 
horn  bending.  If  no  bending  is  desired,  then  only  the  pitch  horn 
length  is  required,  (RA  136).  If  KPH  is  nonzero,  then  quasi-static 
bending  is  assumed.  The  input  KPH  also  serves  as  the  pitch  horn 
spring  in  foot-pounds  of  feathering  moment  per  radian  of  elastic 
feathering.  A time  constant,  TPH,  is  also  required.  Since  a first 
order  lag  is  simulating  the  dynamics,  the  time  constant  could  be 
roughly  the  reciprocal  of  the  natural  frequency  of  the  pitch  horn 
bending  mode. 

Dynamic  pitch  horn  bending  is  activated  by  setting  TPKORN  = 1.  The 
dynamic  pitch  horn  should  not  be  used  with  either  quasi-static  pitch 
horn  bending  or  dynamic  torsion.  The  pitch  horn  degrees  of  freedom 
for  each  blade  are  independent  for  the  normal  swashplate  configura- 
tion. When  the  IAMCS  flag  specifies  the  control  configuration  with 
an  isolated  gyro,  a reactionless  pitch  horn  is  obtained.  The  cyclic 
and  collective  pitch  horn  springs  are  taken  to  be  combin  d with  the 
swashplate  springs.  Hence,  only  one  of  the  pitch  horn  degrees  of 
freedom  will  have  non-zero  value  and  it  will  indicate  the  reactionless 
component.  See  the  subheading  BMOVE  of  Volume  II,  Section  1.3.  The 
dynamic  pitch  horn  requires  a spring,  AKPH,  and  a partial,  ZBPH.  If 
ZBPH  = 1,  the  amount  the  end  of  the  pitch  horn  displaces  will  be  feet 
per  radian  of  elastic  feathering.  If  ZBPH  = E = RA(l36),  the  pitch 
horn  displacement  is  in  terms  of  the  actual  feathering  displacements. 
Therefore,  no  units  are  given  for  ZBPH.  The  units  listed  in  the 
input  tabulation  for  AKPH  assumes  the  ZBPH  is  identically  one.  The 
pitch  horn  bending  inputs  are  given  in  Table  3-31- 


TABLE  3-31.  PITCH  HORN  BENDING  INPUTS 

Input  Quantity 

Address 

E 

Pitch  horn  length 

136 

KPH 

Quasi-static  pitch  horn  spring 

11+87 

TPH 

Quasi-static  pitch  horn  time  constant 

lU88 

IPHORN 

Dynamic  pitch  horn  flag 

11480 

ZBPH 

Pitch  horn  partial 

11477 

AKPH 

Pitch  horn  spring 

1478 

3 . 3 . T • 5 Torsion 


Quasi-static  or  dynamic  torsion  capabilities  are  available.  Quasi- 
static torsion  is  signaled  by  the  input  flag  TORFLG.  Other  inputs 
include  a time  constant  TCT,  and  DSOGJ  which  is  the  reciprocal  of  the 
torsional  stiffness.  The  time  constant,  TCT,  is  for  a first-order 
simulation  oT  the  torsion  dynamics.  To  alleviate  numerical  difficul- 
ties, however,  the  elastic  twist  velocity  is  not  used  in  the  computa- 
tions, only  the  displacements . Nevertheless,  a value  for  the  time 
constant  roughly  equal  to  the  reciprocal  of  the  natural  frequency  of 
the  torsion  mode  is  appropriate.  The  required  quantities  are  pre- 
sented in  Table  3-32. 

Dynamic  torsion  is  activated  by  setting  IDYN  = 1.  Dynamic  torsion 
(an  uncoupled  mode)  cannot  be  used  at  the  same  time  as  dynamic  pitch 
horn  bending.  This  option  is  also  not  compatible  with  the  direct 
flap  feedback  gyro  control  system  which  internally  specifies  a reac- 
tionless pitch  horn  bending.  For  uncoupled  torsion,  a mode  shape 
starting  at  RA(287l)  = PPTOR(l)  is  required.  As  usual,  any  normaliza- 
tion will  work,  but  for  output  consistency  one  radian  nose  up  twist 
at  the  blade  tip  is  suitable.  The  quantities  needed  are  reviewed  in 
Table  3-33. 


TABLE  3-32.  QUASI-STATIC  TORSION 

Input  Quantity 

Address 

TORFLG  Quasi-static  torsion  flag 

TCT  Quasi-static  time  constant 

DSOGJ  Reciprocal  of  torsional  stiffness  at 

every  REXOR  station 

1^97 

1401 

1361-1400 

TABLE  3-33.  DYNAMIC  TORSION  INPUTS 

Input  Quantity 

Address 

IDYN  Dynamic  torsion  flag 

PPTOR  Torsion  mode  shape  at  each  REXOR  station 

2370 

2871-2890 

3. 3.7. 6 Feather  Bearing  Loads 


% 


Feather  bearings  are  modeled  in  REXOR  having  the  properties  of  a tor- 
sional spring  rate,  friction,  and  damping.  The  spring  can  be  due  to 
the  bearings  or  from  some  other  physical  source  such  as  the  tension- 
torsion  pack,  if  used.  The  spring  rate  is  TXS. 

Bearing  friction  can  be  modeled  as  stiction  or  viscous  friction,  or  a 
combination  thereof.  Figure  3-11  illustrates  the  nature  of  friction 
function . 

Stiction  is  modeled  if  RLF  is  a small  number  (not  zero)  and  FCF  is 
the  stiction  load.  If  only  viscous  friction  is  desired  without  a 
stiction  limit,  then  RLF  must  be  much  larger  than  the  normal  range  of 
the  velocity,  and  the  ratio  FCF/RLF  determines  the  viscous  damping 
coefficient . 

Viscous  damping  can  also  be  supplied  via  the  input  CFB.  The  inputs 
are  summarized  below  in  Table  3-31- 

3.3.8  Weight  and  Balance 

The  total  mass  of  the  vehicle  is  the  sum  of  mass  of  its  parts.  The 
required  inputs  are  specified  in  Table  3-35- 

The  program  integrates  the  blade  distributed  mass  and  then  adds  up  all  the 
blades  to  find  the  rotor  mass.  The  blade  mass  is  defined  as  all  the 
masses  that  can  be  feathered.  The  remainder  of  the  rotating  masses  are 
included  in  the  hub  mass. 

The  center  of  gravity  of  the  fuselage  from  the  fuselage  reference  axis 
origin  is  specified  by  XFBAP , YFBAR,  and  ZFBAR.  The  hub  center  of  gravity 
is  assumed  at  the  hub  axis  origin  and  no  input  is  required.  The  swash- 
plate  center  of  gravity,  ZGS,  is  the  height  of  the  swashplate  center  of 
gravity  above  the  hub  axis  origin  when  the  main  rotor  collective  is  at  its 
trimmed  value.  The  program  computes  the  location  of  the  blade  masses  as 
the  blade  bends  and  feathers.  It  assumes  the  blade  masses  are  on  the 
blade  center-of-gravity  axis  defined  with  respect  to  the  blade  quarter 
chord  axis.  The  location  of  the  c.g.  line  was  discussed  earlier. 

The  moments  and  products  of  inertia  required  are  presented  in  Table  3-36. 
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Figure  3-11.  Feather  Bearing  Friction 
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TABLE  3-31.  FEATHER  BEARING  LOADS 

Input  Quantity 

Address 

TXS 

Feather  spring 

29b 

CFB 

Feathering  viscous  friction 

1185 

FCF 

Feather  friction 

111 

RLF 

Feather  stiction  break  point 

115 

TABLE  3-35-  MASS  DATA  TABLE 

Input  Quantity 

Address 

FMASS 

Fuselage,  including  wings  and  tail 
surfaces,  tail  rotor,  propeller, 
and  engine 

91 

HMASS 

Hub 

366 

GMASS 

Swashplate 

139 

QM(1)-QM(1*0) 

Blade  distribution  mass  at  each 
REXOR  station 

. . ... 

511-580 

The  control  gyro  inertia  is  described  in  Section  3.3.15-  It  is  too  small 
to  affect  principal  axis  motions. 

3.3.9  Airframe 


3.3. 9.1  Geometry 

The  geometry  of  the  airframe  includes  the  lengths  to  the  various  con- 
figuration fixed  surfaces.  The  inputs  involved  are  SLHS,  SLVS  and 
HVS.  See  below  for  wing  area  and  chord.  The  program  assumes  all  the 
elements,  both  rotors  as  well  as  fixed  surfaces,  have  reference  axes 
parallel  to  the  fuselage  reference  axes,  and  no  Euler  angles  (includ- 
ing incidence  angles)  are  to  be  described.  Also  the  fuselage  vertical 
axis  lies  along  the  shaft  centerline  (no  shaft  bending).  Further,  the 
wing  quarter-chord  lino  is  assumed  to  intercept  the  fuselage  refer- 
ence vertical  axis.  See  Table  3 —37 • 
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TABLE  3-36.  INERTIA  AND  C.G.  DATA 

Input  Quantity 

Address 

XFBAR  ] 

Fuselage  c.g.  location 

372 

YFBAR 

373 

ZFBAR 

relative  to  the  huh 

37  ^ 

IXXF 

l46l 

IYYF 

1462 

IZZF 

, Inertia  terms  for  the  fuselage 

1463 

IXYF 

wing  and  tail  surfaces 

1464 

IXZF 

1465 

IYZF  J 

1466 

IZZH  ] 

Hub 

1468 

IZZG 

Bwashplate 

118 

IXXG 

361 

IXXPRO 

Propeller 

1470 

IXXENG 

Engine 

1471 

IYYTR 

Tail  rotor 

1472 

BI 

Blade  moment  of  inertia  about  blade 
center  of  gravity  axis.  Inertia  is 
distributed  with  per  ft  units  at 
each  REXOR  station 

1301-1340 

ZGS 

Height  of  swashplate  c.g.  above  hub 
axis  for  nominal  collective 

1469 

TABLE  3-37.  AIRFRAME  GEOMETRY 

Input  Quantity 

Address 

SLHS  Distance  from  fuselage  axis  to  horizontal  tail 

101 

SLVS  Distance  from  fuselage  axis  to  vertical  tail, 

102 

+ aft 

HVS  Distance  from  fuselage  axis  to  vertical  tail, 

103 

+ up 
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The  fuse] age  here  is  taken  to  include  the  wings,  if  any,  plus  verti- 
cal and  horizontal  tail  surfaces.  All  these  surfaces  are  fixed  and 
no  aileron,  elevator,  etc.,  are  available.  The  aerodynamics  are 
described  by  a table  of  values  for  the  drag,  lift  and  moment  at  all 
angles  of  attack  and  a matrix  of  derivatives  expressing  the  sideslip 
characteristics  and  the  damping  due  to  the  wing  and  tail  surfaces. 

The  aerodynamic  formulation  is  given  in  Volume  I,  Section  7*^- 

The  static  loads  are  given  by  RA(2601)  = ALFA(l),  RA(262l)  = CL(l), 
RA(26hl)  = CM(l),  RA(266l)  = CD(l)  and  following  entries  which  relate 
the  lift,  drag  and  pitching  moment  coefficients  to  the  angle  of 
attack.  A maximum  of  twenty  angle-of~attack  points  are  allowed  which 
should  cover  the  total  range  of  values  from  -l80  to  +180  deg.  These 
coefficients  can  be  taken  directly  from  wind  tunnel  tests  of  a model 
without  the  blades.  The  loads  are  sized  by  the  wing  area  and  the 
wing  chord  length,  RA(268l)  = AWING  and  RA(2682)  = CWING.  For  a 
wingless  configuration  dummy  values  of  1 . 0 and  0.1  can  be  used. 

CWING  should  be  small  to  reduce  a wing  damping  term  to  a negligible 
size . 


The  fuselage  matrix  RA(!ill)  = FNM(l,l),  RA(4^2)  = FNM(2,l)  and  fol- 
lowing entries  allow  for  loads  due  to  asymmetry,  linear  and  quadratic 
sideslip  variations,  wing  damping  in  roll,  plus  vertical  and  hori- 
zontal tail  damping.  The  matrix  is  a set  of  derivatives  relating  the 
fuselage  forces  and  moments  with  the  velocity  terms.  The  first  sub- 
set ipt  in  FNM  refers  to  the  loads  and  the  second  to  the  velocity. 

The  terms  are  developed  in  Volume  I,  Section  7 . 1 and  repeated  here. 
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The  loads  are  in  wind  axes,  the  velocities  in  fuselage  reference 
axes.  The  X axis  points  forward,  the  Y rightward  and  the  Z axis 
downwards.  The  first  column  represents  loads  due  to  airframe 
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asymmetry  such  as  those  due  to  different  incidence  on  the  left  and 
right  wing  panels.  The  second  and  third  columns  describe  the  static 
sideslip  characteristics  with  both  a linear  and  quadratic  variation 
allowed  where: 


u 


F 


v 


F 


(3-141) 


and 


2 


v 


F 


(3-li2) 


Assuming  the  matrix  elements  are  found  for  moderate  angles  of  side- 
slip Bp.  The  fourth  column  is  zero  unless  the  wing  roll  damping 
derivative  FNM(1*,1*)  is  significant.  Up  to  this  point  the  matrix 
columns  refer  to  the  airframe  complete  with  wing  end  tail  surfaces. 
The  fifth  and  sixth  columns  relate  to  the  lift  curves  slopes  Cpa  and 
Cya  of  the  horizontal  and  vertical  tail  surfaces  such  that 

FNM  ( 3 , 5 ) - - § 0-1.3) 


and 


FNM (2, 6)  = - \ PQ  SyT  C (3-UU ) 


3 

where  pQ  is  the  sea  level  air  density  of  .002378  slugs/ft  and  S is  a 
tail  surface  area.  The  matrix  elements  are  evaluated  at  sea  level 
and  the  program  ratios  the  fuselage  aerodynamic  load  by  the  density 
ratio  at  altitude.  The  pitching  and  rolling  moment  derivatives  from 
the  tail  are  obtained  for  the  force  derivatives  times  the  appropriate 
tail  length  or  height: 


FNM (5,5) 

= *HT  * FNM (3,5) 

(3-1*5) 

FNM(1*,6) 

= -hyT  * FNM(2,6) 

(3-1*6) 
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and 
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FHM(6,6)  = -fcVT  * FNM(2,6)  (3-1)7 ) 


The  equation  for  FNM(1),6)  is  only  a rough  approximation  to  the  tail 
fin  dihedral  effect.  A variation  with  angle  of  attack  is  not  allowed 
by  the  program. 

The  aerodynamic  inputs  required  for  the  airframe  are  summarized  in 
Table  3-38. 

3.3.10  Tail  Rotor 

Only  aerodynamic  inputs  are  described  here.  Inertia,  control  and  downwash 
data  are  described  in  other  sections  on  the  respective  topic.  The  aero- 
dynamic loads  are  presently  formulated  for  use  with  a tail  rotor  whose 
upper  blade  moves  aft.  The  required  data  is  annotated  and  summarized  in 
Table  3-39. 

3.3.11  Propeller 


The  propeller  thrust  and  torque  is  given  by  bivariant  tables  in  blade 
angle  and  advance  ratio  as  shown  in  Volume  I,  Section  7.6.  IXXPRO  = 
PROFLG  turns  the  propeller  on.  The  propeller  thrust  is  parallel  to  the 
fuselage  longitudinal  axis  and  offset  laterally  by  YP.  Other  inputs 
relate  the  non-dimensional  table  values  with  the  dimensional  quantities 
needed  by  the  program: 


TABLE  3-38.  AIRFRAME 

AERODYNAMICS 

Input  Quantity 

Address 

ALFA 

Angle-of- attack  table. 

deg 

26 01-2620 

CL 

Airframe  C 

Li 

2621-2640 

CM 

Airframe  C„, 
M 

261)1-2660 

°D 

Airframe 

2661-2680 

AWING 

2 

Wing  area,  ft 

2681 

OWING 

Wing  chord,  ft 

2682 

FMN 

Body  airload  coefficient  matrix 

l)  Ui-l)  7 6 
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TABLE  3-39.  TAIL  ROTOR  DATA 

Input  Quantity 

Address 

SLTR 

Distance  from  fuselage  axis  to 
tail  rotor,  + ait 

98 

HTR 

Height  of  tail  rotor  above 
fuselage  axis,  + up 

1348 

YTR 

Tail  rotor  lateral  offset  from 
fuselage  axis,  + RT 

274 

CONK 

Tail  rotor  pitch- flap  coupling, 
63 

1253 

AOTR 

Tail  rotor  blade  area 

2683 

RTR 

Tail  rotor  radius 

2684 

A 

Tail  rotor  lift  slope,  dC  /da 

Li 

2685 

B 

Tail  rotor  tip  loss  factor 

2686 

J = 

Advance  ratio 

= PARCON/ ( i - rp/Gp) 

(3-48) 

TP  = 

Thrust  = 

a THRCON 

< *R  - VV2 

(3-49) 

% 

Torque  - Cp 

a TORCON 

<*„  - V°f)2/2’ 

(3-50) 

where 

C,j  and  Cp  are  the  thrust  and  power  coefficients  from  the  tables. 
Rp  is  the  propeller  radius. 
pQ  is  the  sea  level  density 
a is  the  density  ratio  at  altitude 
Up  is  the  propeller  forward  velocity 
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Gp 

is 

the 

rotor 

to  prop 

gear  ratio 

is 

the 

rotor 

speed 

rv 

is 

the 

fuselage  roll 

rate 

THRCON  = P (2  Rj5  (G„/2ti)2 
Or  r 

k 2 

TORCON  = P (2  R_)  (G_/2  ) 

Or  r 


PARCON  = 4 tt  Up  Rp/Gp 

The  propeller  inputs  are  tabulated  in  Table  3-40. 

3.3.12  Hub 

The  mass  properties  are  found  in  weight  and  balance.  Section  3-3.8.  The 
hub  is  located  a distance  RA(96)  = HF  above  the  fuselage  reference.  It  is 
at  the  point  where  the  blade  cone  line  intercepts  the  shaft. 

3.3.13  Fngine 

The  inputs  to  be  discussed  relate  to  the  engine  torque  and  the  fuel  con- 
trol. Inertial  data  is  discussed  in  Section  3-3.8.  The  engine  on  flag 
is  RA(45)  = CRSFG  = 1.  The  engine  schematic  is  given  in  Volume  I, 

Section  6.12,  Figure  6-8. 


TABLE  3-40.  PROPELLER  INPUTS 

Input  Quantity 

Address 

[iXXPRO] 

Propeller  polar  inertia  and 

1470 

LproflgJ 

operation  flag 

YP 

Propeller  lateral  offset 

1349 

THRCON 

Propeller  thrust  coefficient 

1350 

TORCON 

Propeller  torque  coefficient 

1351 

PARCON 

Propeller  advance  ratio 
coefficient 

1352 

t±. 
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Note  the  schematic  gives  engine  speed,  but  i„r  convenience  the  rotor  speed 
is  used  as  reference.  The  constants  should  be  calculated  with  this  in 
mind.  The  engine  torque  is  bounded  by  zero  and  RA(lU8h ) = ENGHPX.  Drive 
train  dynamics  are  not  modeled.  The  engine  inputs  are  summarized  in 
Table  3-1*1. 

The  propeller,  engine,  and  tail  rotor  are  assumed  aligned  with  the  fuse- 
lage reference  axes  which  are  parallel  to  the  main  rotor  hub  axes.  Gear 
ratios  are  needed,  GRPRO.  GRENG,  and  GRTR.  The  gear  ratios  are  positive 
if  the  rotors  rotate  as  follows:  main  rotor,  hub  and  swashplate  are 

counterclockwise  looking  down,  the  propeller  and  engine  are  counterclock- 
wise looking  forward,  and  the  tail  rotor  clockwise  looking  rightward. 

3.3.11*  Swashplate  and  Feather-Flap  Feedback  Control  Gyro 

The  swashplate  programming  is  suitable  for  modeling  a number  of  control 
system  types  : 

1.  Locked  swashplate 

2.  Normal  "hard"  swashplate 


TABLE  3-Hi.  ENGINE  INPUTS 

Input  Quantity 

Address 

PQENG 

Torque  to  generator  speed 

ratio ’ 3mehg/9tgeh 

591 

PQEOM 

Torque  to  rotor  speed 
ratio, 

592 

KLPRM 

Acceleration  feedback 
gain,  kR1 

593 

K2PRM 

Speed  feedback  gain,  k 

hti 

59l* 

TAUG 

Gas  generator  time  constant,  t 

GEN 

595 

GRPRO 

Gear  ratio  propeller 

11+73 

GRENG 

Gear  ratio  engine 

1I17I+ 

GRTR 

Gear  ratio  tail  rotor 

11*75 

ENGHPX 

Maximum  horsepower 

lU8l 

4 


3.  Lockheed's  original  control  system  with  feather-flap  feedback 
control  gyro  (ICS  system) 

. Lockheed's  advanced  control  system  with  direct-flap  feedback  con- 
trol gyro  (AMCS  system; 

Flags  are  required  for  two  of  the  four  variants:  RA(  !i2 ) = HARDSP  = 1 for 

a locked  swashplate,  and  RA(U90)  = IAMCS  = 1 for  the  AMCS  system.  Vari- 
ants 2 and  3 can  both  be  modeled  with  the  same  set  of  equations. 

The  Lockheed  AMCS  system  featured  a direct-flap  feedback  control  gyro.  In 
this  system  the  pilot  does  not  control  the  swashplate  directly,  instead  he 
torques  a small  control  gyro  which  in  turn  slaves  the  swashplate.  For 
such  a system  the  user  must  consider  the  inputs  described  in  the  section 
relating  to  the  control  gyro  (3-3-15) » otherwise  that  section  can  be 
skipped. 

The  original  Lockheed  control  system  featured  a feather-flap  feedback  con- 
trol gyro  mounted  above  the  main  rotor.  The  external  gyro  in  this  system 
rotated  and  tilted  in  concert  with  the  swashplate.  The  external  gyro  and 
swashplate  is  identified  as  equivalent  to  a swashplate  suspended  on  "soft" 
cyclic  springs  which  is  subject  to  pilot  control  spring  forces.  It  con- 
trasts to  the  usual  "hard"  swashplate  with  stiff  structural  springs  and 
low  inertia. 

Table  3-1+2  lists  the  inputs  to  be  considered  with  an  operative  swashplate. 
Note  that  with  the  present  programming,  the  swashplate  slop  is  unavailable 
for  non-AMCS  swashplates  and  that  the  swashplate  stop  is  not  available  for 
the  AMCS  system.  Also  the  FORTRAN  name  of  some  of  the  control  inputs 
change. 

The  user  is  cautioned  on  numerical  -problems.  In  the  case  of  the  hard 
swashplate  with  stiff  springs,  the  swashplate  frequencies  may  be  driven  so 
high  that  numerical  instabilities  may  occur.  The  locked  swashplate  may  be 
preferred  especially  if  the  user  is  including  only  the  three  lowest  blade 
modes  and  is  not  interested  in  pitch  horn  or  torsion  dynamics. 

w The  user  should  be  acquainted  with  Volume  I,  especially  Sections  5-5-6, 

5-5-8  and  6.10.  Note  the  two  axis  systems:  the  swashplate  axis  and  the 

swashplate  control  axis.  The  swashplate  axes  are  aligned  with  the  princi- 
pal (equal  hub)  axis  with  the  X roll  axis  forward,  the  Y pitch  axis  right- 
ward  and  the  Z heave  axis  downward.  The  control  axis  lags  the  swashplate 
axis  by  an  azimuth  CHI  or  CHIG.  Lag,  the  negative  of  lead,  is  taken  posi- 
tive in  a direction  opposite  to  rotor  rotation  where  the  advancing  blade 
is  on  the  right.  With  IAMCS  = 0 the  control  loads  will  come  from  the 
pilot  stick  through  the  stick  actuators,  see  Section  3 -3.^.1,  and  act 
through  the  control  springs  with  rates  QKXCS  and  QKYCS.  In  the  AMCS  sys- 
tem the  pilot  actuators  torques  the  control  gyro  which  in  turn  loads  the 
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TABLE  3-1>2. 

SVASHPLATE  INPUTS 

Input  Quantity 

Address 

Svashplate  to  Feathering  Geometry 


^PH 

BETAG 

Pitch  horn  lead  azimuth 

i r\ 
CVJ 
1 — I 

e 

E 

Pitch  horn  arm 

136 

(a/e)o 

D0E0 

Ratio  of  cyclic  feathering 
to  svashplate  angle  at 
zero  collective 

271 

1 — 1 

D0E1 

Variation  of  (d/e)Q  vith 
collective 

272 

Control  Input  (RA(i+90) 


IAMCS  = 0 


CHI 

^CS 

QKXCS 

^cs 

QKYCS 

Azimuth  svashplate  lead' 
control  axis 


Svashplate  roll  control 
spring  rate,  control  axis 

Svashplate  pitch  control 
spring  rate,  control  axis 


119 

123 

12k 


Control  input  (RA(U90))  = IAMCS  = 1 


^C 

CHIG 

K0C 

KPHCON 

O 

CD 

KTHCON 

Azimuth  svashplate  axis 
leads  control  axis 

Svashplate  roll  control 
spring  rate,  control  axis 

Svashplate  pitch  control 
spring  rate,  control  axis 


3kk 

376  0 

377  0 


© 


Enter  1.0  if  IAMCS  = 0 to  prevent  zero  divide. 
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TABLE  3-1*2 

SWASHPLATE  INPUTS  (Continued) 

Input 

Quantity 

Address 

Springs, 

Dampers,  Friction  and  Slop 

K0SP 

KPHCON 

Swashplate  roll  spring  rate 
in  control  axis 

376 

K0SP 

KTHCON 

Swashplate  pitch  spring  rate 
in  control  axis 

^77 

C0SP 

CPHCON 

Swashplate  roll  damper  rate 
in  control  axis 

378 

C8SP 

CTHCON 

Swashplate  pitch  damper 
rate  in  control  axis 

379 

5S,SP 

GASTOP 

Swashplate  stop  contact 
angle 

1276  @ 

KS,SP 

GKSTOP 

Swashplate  stop  spring 
rate 

1277  (2) 

60SP 

PSLOPL 

Swashplate  roll  slop  limit 
in  swashplate  axis 

2551  © 

60SP 

TSLOPL 

Swashplate  pitch  slop  limit 
in  swashplate  axis 

2552  © 

^SP,BK 

0SP,BK 

RLG 

Swashplate  friction  "break 
point 

116 

^FR^gp 

^R^SP 

FCG 

Swashplate  friction  at  "break 
point 

117 

Vertical  Motions 

Kiz 

1zsp 

QKGZ1 

Swashplate  vertical  spring 
rate  at  low  deflections 

137 

Z1SP 

ZG1 

Swashplate  vertical  spring 
"breakpoint 

lt*l 

K 

2ZSP 

QKG2Z2 

Swashplate  vertical  spring 
rate  at  high  deflection 

lUo 

\ 
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TABLE  3-lt2.  SWASHPLATE  INPUTS  (Continued) 


Input 

Quantity 

Address 

Vertical 

Motions  (continued) 

Fc 

FIDDLE 

Swashplate  vertical 
centering  force 

spring 

IU9U 

CZSP 

QCGZ 

Swashplate  vertical 
rate 

damping 

138 

RZ0’  RZ0 

DGDHG 

Swashplate  rotary  to  vertical 
damping  coupling 

1263 

(D 


Available  only  for  normal  swashplate  configuration  when  IAMCS  - 0 
Available  only  for  AMCS  if  made  operative  by  setting  IAMCS  = 1 


swashplate  through  control  springs  with  rates  KPHCON  and  KTHCOfi.  The  pilot 
collective  is  modeled  the  same  for  both  systems,  again  see  Section  3. 3.^.1. 

BETAS  and  E describe  the  pitch  horn  cant  angle  and  arm  length,  see 
Figure  3-12. 

If  the  pitch  horn  is  behind  the  blade,  instead  of  leading  like  the  figure, 

E is  negative  and  BETAG  is  it  radians  minus  the  physical  angle. 

Springs,  and  if  installed  the  dampers,  are  modeled  with  rates  KPHCON,  ..., 
CTHCON.  These  are  established  in  gyro  control  axis.  Therefore,  terms 
which  would  couple  pitching  loads  to  roll  deflections  and  vice-versa  do 
not  exist.  Note  the  gyro  springs  are  defined  with  the  controls  blocked, 
and  the  control  springs  with  the  gyro  blocked. 

Cyro  stop  springs  are  modeled.  They  are  circular  in  the  sense  that  the 
stop  spring  rate  is  the  same  in  any  direction.  Friction  is  also  the  same 
in  any  direction.  It  follows  the  function  illustrated  in  Volume  I,  Fig- 
ure 6-3.  Pure  viscous  friction  is  obtained  by  making  RLG  very  large  and 
the  ratio  FCG/RLG  equal  to  the  viscous  friction  coefficient  in  ft-lb/rad. 

A moderate  value  of  RLG  sets  a rate  beyond  which  the  friction  is  limited 
to  the  stiction  value  FCG.  A tiny  RLG  value  (not  zero)  obtains  pure 
stiction  for  all  practical  purposes. 

Swashplate  slop  differs  in  the  roll  and  pitch  axis.  The  gyro  axis  is  the 
reference  axis  for  slop.  Use  a value  equal  to  half  the  total  slop  band. 
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Most  of  the  swashplate  collective  inputs  a'-e  self-explanatory.  FIDDLE 
supplies  a means  for  "centering"  the  low  spring  rate  portion  of  the  swash- 
plate  travel.  DGDHG  is  a cyclic  to  collective  damper  coupling  factor. 

The  swashplate  cyclic  dampers  produce  a collective  force  proportional 
to  the  swashplate  deflection  and  the  cyclic  damper  load.  See  Volume  I, 
Section  6.10.1  for  equations. 

When  the  user  operates  the  program  with  the  swashplate  locked  by  setting 
HARDSP  = 1 , only  a kinematic  relation  will  exist  between  the  pilot  stick 
and  the  main  rotor  cyclic  angles.  The  HARDSP  nomenclature  can  be  confus- 
ing since  a hard  swashplate  might  not  be  modeled  as  a locked  swashplate. 
Only  six  inputs  as  listed  in  Table  3-13  need  be  considered.  If  the  actual 
swasbolate  deflections  are  immaterial,  the  user  may  find  nominal  values  of 
DOF  - 1,  D0E1  = 0 and  BETAG  = 0 convenient.  Then  if  CHI  = 0 an  aft  stick 
will  gear  the  swashplate  to  roll  right  through  the  gear  ratio.  In  turn 
the  swashplate  deflection  will  cause  an  equal  amount  of  pure  longitudinal 
cyclic  to  appear.  The  overall  equation  is 


which  can  be  derived  from  Volume  I,  Sections  5.5.8,  6.10.1  and  6.10.5 
where  K^.  and  K^q  are  interpreted  as  gear  ratios  rather  than  spring  rates. 

3-3.15  Direct-Flap  Feedback  Control  Gyro 

The  user  is  assumed  to  have  read  the  section  on  the  swashplate  inputs 
which  will  supply  needed  background.  The  control  gyro  operates  when 
RA(l90)  = IAMCS  = 1.  The  desired  inputs  are  listed  in  Table  3-11.  The 
description  of  the  control  gyro  is  found  in  Volume  I,  Sections  5- 5-7  and 
6.11.  The  math  symbols  in  the  tables  are  the  same  as  used  in  those 
sections . 

As  discussed  in  Volume  I,  the  control  gyro  degrees  of  freedom,  which  are 
roll  and  pitch,  are  considered  secondary  and  decoupled  from  the  primary 
degrees  of  freedom.  Therefore,  mass  inputs  are  described  herein  instead 
of  the  weight  and  balance  section  which  only  refers  to  masses  related  to 
the  primary  degrees  of  freedom.  The  gyro  gimbals  are  assumed  symmetric 
and  only  IZZGNR  is  input.  An  unbalance  mass  can  be  added  to  the  gimbals 
in  the  stationary  system.  This  mass  could,  for  instance,  provide  an  input 
proportional  to  load  factor. 
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TABLE  3-^3 . 

CONTROL  INPUT  FOR  LOCKED  SWASHPLATE 
(RA(l*2)  = HARDSP  = l) 

Input  Quantity 

Address 

"xc 

QKXCS 

Ratio  swashplate  control  roll 
to  longitudinal  stick  deflect 

123 

^C 

QKYCS 

Ratio  swashplate  control 
pitch  to  lateral  stick 
deflection 

12h 

CHI 

Azimuth  swashplate  axis 
leads  control  axis 

119 

(d/e)o 

DOEO 

Ratio  cyclic  feathering  to 
swashplate  angle  at  zero 
collective 

271 

(d/e)1 

D0E1 

Variation  of  (d/e)Q  with 
collective 

272 

<1* 

PH 

BETAG 

Pitch  horn  lead  azimuth 

125 

The  pilot  control  input  programming  mimics  the  swashp.late  control  program- 
ming. The  gyro  controls  the  swashplate  and  the  no-load  gear  ratios  GRK 
and  GRD  are  required.  A first  order  gyro  to  swashplate  actuator  is 
modeled  with  time  constant  TAUACT. 

In  contrast  to  the  swashplate,  the  gyro  springs  and  dampers  are  modeled  in 
the  gyro  axis,  not  the  gyro  control  axis.  Hence, cross-coupling  constants 
are  available  for  input.  Simple  gyro  stiction  (no  viscous  friction)  is 
allowed,  input  KFPHG. 

The  most  complex  series  of  inputs  relate  to  the  feedback  from  blade  flap 
to  the  gyro.  Volume  I,  Section  6.11.^  is  recommended  reading.  A feedback 
lever  is  mounted  on  top  of  the  fixed  hub  arm,  one  lever  for  each  blade,  at 
an  azimuth  PSIFBL  ahead  of  the  blade  axis.  The  modal  description  of  the 
blade  modes  at  the  mount  station  is  given  in  Section  3. 3. 7 -2.  The  geom- 
etry of  the  lever  is  described  by  its  length  XSTDIF,  and  the  azimuth 
PSIFBL  and  radius  RFBL  coordinates  of  the  inboard,  free  end  of  the  lever. 
Stiction  is  inputted  in  terms  of  a displacement  ZJLIM  of  the  inboard  end 
of  the  lever  which  equal  the  total  stiction  moment  divided  by  the  feedback 
spring  rate  KFBC . The  total  moment  means  the  difference  between  the  plus 
and  minus  value  of  stiction.  The  other  end  of  the  feedback  mechanism 
attaches  to  the  gyro  with  a leading  azimuth  PSIFB,  again  relative  to  the 
blade  axis.  The  magnitude  of  the  feedback  is  determined  by  the  difference 
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TABLE  3-H.  CONTROL  GYRO  INPUTS 


Input 

Quantity 

Address 

Weight  and 

Balance 

xzz 

IZZGR 

Gyro  rotor  polar  inertia 

350 

1 

Tzz 

^G,NR 

IZZGNR 

Gyro  non  rotating  inertia 

360 

mGUB 

MUB 

Gyro  unbalance  mass 

3fc7 

"uB 

PXPZ 

Unbalance  mass  offset  in 
gyro  X axis 

3I48 

XUB 

PYPZ 

Unbalance  mass  offset  in 
gyro  Y axis 

3^9 

Pilot  Control 

’See 

QKXCSG 

Longitudinal  stick  spring 
rate 

3U2 

^C 

QKYCSG 

Lateral  stick  spring  rate 

3^3 

CHIG 

Azimuth  gyro  axis  leads 

3 It  5 

T 0 5u 

stick  control  axis 

1 

Flap  feedback 

XSTDIF 

Length  of  feedback  lever 

2511* 

AZ 

J, LIMIT 

ZJLIM 

Gyro  feedback  displacement 
deadband  total  travel 

25^6 

'yFB 

PSIFB 

Azimuth  gyro  feedback  attach, 
point  leads  the  blade  axis 

2516 

XFBn 

RFBL 

Radius  of  inboard  end  of 
feedback  lever 

396 

XFBG 

RFB 

Radius  of  feedback  attach, 
point  to  gyro 

251*7 

4 


TABLE  3-H 

. CONTROL  GYRO  INPUTS  (Continued) 

Input  Quantity 

Address 

Flap  Feedback  (continued) 

V FBn 

PSIFBL 

Azimuth  inboard  end  of  feed- 
back lever  leads  blade 

397 

£fb 

LFB 

Feedback  spring  preload 
displacement 

2h92 

!Vb 

KFBG 

Gyro  feedback  spring  rate 

25*f  5 

Gyro  to 

Swashplate 

Control  Axis 

C'0GSP 

GRK 

Ration  gyro  roll  per  unit 
swashplate  control  roll 

362 

G6GSP 

GRD 

Ratio  gyro  pitch  per  unit 
swashplate  control  pitch 

363 

TGSP 

TAUACT 

Gyro  to  swashplate  actuator 
time  constant 

351 

Springs 

, Dampers , and  Friction 

K00SP 

GSKL 

Gyro  spring  rate  in  roll 

352 

GSDM 

Gyro  spring  rate  in  pitch 

356 

K<t>0Sp 

GSDb 

Gyro  coupling  spring  rate  for 
roll  moment  due  to  pitch  angle 

353 

K00SP 

GSKM 

Gyro  coupling  spring  rate  for 
pitch  moment  due  to  roll  angle 

355 

C003P 

GFKDL  " 

C90SP 

GFDDM 

Same  function  as  gyro  spring 

358 

► inputs  but  for  gyro  damper 

35*i 

C<t>eSP 

GFDDL 

rates 

c 

GFKDM 

357 

00SP 

J 

M 

GFR 

KFPHG 

Gyro  stiction 

395 
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in  vertical  position  of  the  inboard,  end  of  the  feedback  lever  and  the  gyro 
feedback  attachment  point  times  the  feedback  spring.  The  description  is 
now  complete  except  for  a minor  input  LFB,  a preload  deflection  approxi- 
mately equal  to  the  depth  of  the  control  gyro  below  the  hub. 

3.3.16  Shaft  Bending 

Main  rotor  shaft  bending  degrees  of  freedom  can  be  added  to  the  equation 
set  by  setting  IFLEX  = 1.  When  this  is  done,  some  additional  inputs  are 
required  per  Table  3-^5-  These  are  explained  below.  The  partials  XTHTF 
and  YPHIF  give  feet  of  fuselage  axis  motion  per  radian  of  shaft  tilt. 

Figure  5-3,  Volume  I,  illustrates  the  motions  occurring  for  a positive 
shaft  pitch  bending.  Note  the  longitudinal  partial  has  a negative  value. 
The  lateral  partial  is  normally  positive.  The  spring  rate,  FKS , is  foot- 
pounds of  fuselage  moment  for  a radian  of  shaft  tilt,  the  same  for  both 
axes.  The  damping  rate,  however,  can  be  different  with  DPHIS  and  DTHTS  for 
the  roll  and  pitch  axis,  respectively.  The  damping  level  would  normally 
be  small  and  due  to  structural  damping  only. 

Swashplate  tilt  may  occur  with  shaft  bending.  CAPHIS  can  be  thought  of  as 
a shaft  bending  delta  3 effect.  Imagine  the  fuselage  to  be  fixed  and 
shaft  bending  causing  the  hub  to  rotate  nose  up  one  radian.  Then  the 
amount  of  swashplate  tilt  would  be  CAPHIS  for  the  no  load  condition,  posi- 
tive if  both  tilts  are  in  the  same  direction.  When  shaft  bending  is 
active,  a trim  time  constant  is  required  for  trimming  the  shaft  angles. 

The  time  constant  is  supplied  as  TC(U).  The  input  quantities  are  reviewed 
in  Table  3-^+5. 

If  the  direct-flap  feedback  control  system  is  being  used  and  the  flexible 
shaft  option  is  not  active,  a shaft  bending  delta  3 effect  can  be  obtained 
by  inputting  FKSPT  (RA  273).  The  program  will  adjust  the  swashplate 
moments  according  to  the  product  of  FKSFT,  appropriate  hub  moment  and 
spring  rate. 

3.3.17  Induced  Flow 

The  steady-state  induced  flow  pattern  is  determined  internally  by  bhe  pro- 
gram. The  only  input  for  main  rotor  downwash  is  a time  constant,  TC(l)  in 
TRIM  and  TC(2)  in  FLY.  The  downwash  time  constants  were  discussed  in  the 
section  on  TRIM  initialization.  The  downwash  velocities  are  determined  by 
first-order  lag  equations  which  require  time  constants. 

The  effect  of  main  rotor  downwash  on  the  fuselage-wing  combination  and  on 
the  horizontal  tail  is  presented  to  the  program  in  the  form  of  interfer- 
ence factors.  These  interference  factors  are  tabular  functions  of  wake 
angle . 


TABLE  SHAFT  BENDING  DATA 

Input  Quantity 

Address 

IFLEX 

Shaft  bending  option  flag  l=on 

399 

XTHTF 

V3es 

36)4 

YPHIF 

V3«s 

385 

FKS 

Shaft  bending  spring 

375 

CAPHIS 

Shaft  to  swashplate  coupling 

398 

DPHIS 

Shaft  roll  tilt  damping 

25^9 

DTHTS 

Shaft  pitch  tilt  damping 

2550 

TC(lt) 

Shaft  bending  trim  time  constant 

290 

The  wake  angle  is  zero  in  hove'',  90  deg  at  extreme  forward  flight  speeds, 
and  -90  deg  at  extreme  rearward  speeds.  The  table  should  have  all  values 
from  +180  to  -l80  deg.  Values  less  than  -90  deg  or  greater  than  90  deg 
mean  the  induced  airflow  is  upward  through  the  rotor  disk  due  to  an  unusu- 
ally high  rate  of  descent  or  negative  rotor  lift  in  severe  maneuvers. 


The  tables  are  identified  with  a doubly  dimensioned  array  with  the  main 
rotor  to  wing  function  beginning  at  FXTN(l,l)  and  the  main  rotor  to  hori- 
zontal tail  function  beginning  at  FXTN(l,2).  The  functions  will  be  lin- 
early interpolated.  The  format  is  demonstrated  in  Table  3-^6. 


The  tail  rotor  acts  on  the  vertical  tail.  The  net  load  is  expressed  by 
STR  which  is  a factor  by  which  the  unblocked  tail  rotor  thrust  is  multi- 
plied to  give  the  blocked  value. 


A fixed  wing  is  allowed.  DEODA  specified  3 eHt/ ^ F , the  radians  of  down- 
wash  at  the  tail  due  to  the  fixed  wing  per  radian  of  freestream  angle  of 
attack. 


All  the  above  refer  to  the  vertical  component  of  the  downwash  due  to  lift 
on  the  main  rotor  and  on  the  fixed  wing.  A velocity  decrement  on  the  tail 
surfaces  and  the  tail  rotor  is  a.llowed  due  to  fuselage  and  main  rotor 
drag.  ETAE  is  a factor  less  than  one  by  which  the  freestream  forward 
velocity  is  multiplied  to  give  the  average  wake  velocity  at  the  tail. 
Inputs,  including  FXTN,  are  summarized  in  Table  3-^7* 
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TABLE  3-U6.  WAKE  ANGLE  FUNCTION 


Main  rotor  to  wing  function 

FXTN(l,l)  = TI,  (number  of  point  pairs) 
FXTN (2,l)  = xu,  1 

FXTN (3,l)  = Fx,  1 

FXTN  ( U , 1 ) = X , 2 

FXTN (5,l)  = Fx,  2 

FXTN ( 2N  , 1)  = X , N 
FXTN  (2N  + 1,1)  = FX,  N 
(Maximum  number  of  data  pairs  is  12) 

Main  rotor  to  horizontal  tail  function 


FXTN(l,2)  = (number  of  point  pairs) 


It. 


PLANNING  AND  OPERATING  THE  PROGRAM 


It . 1 RUN  TIME  REQUIRED 

REXOR  is  a complex  program  end.  run  time  costs  are  considerable.  The 
pressures  to  get  a job  done  often  precludes  proper  attention  to  computer 
time  savings.  Nonetheless,  a portion  of  the  user's  time  should  be  made 
available  for  carefully  checking  the  runs  already  completed,  checking  the 
inputs  for  the  runs  to  be  made  and  in  planning  the  scope  of  the  project 
to  begin  with. 

Direct  control  over  run  time  is  obtained  with  RA(36)  = TOUT  which  limits 
the  number  of  rotor  revolutions  in  TRIM  and  RA(li98)  = TSTOP  which  limits 
the  time  in  FLY.  Cases  should  be  rare  where  TCUT  exceeds  2h  cycles  and 
TSTOP  exceeds  8 seconds.  These  values  should  be  examined  for  every  new 
series  of  cases  to  see  if  they  can  be  reduced. 

The  program  usually  meets  the  trim  criteria  before  the  number  of  rotor 
revolutions  reaches  TCUT.  The  run  should  not  be  rejected  out  of  hand  for 
trim  failures  as  the  trim  criteria  for  the  controls  are  fairly  severe. 

RA( U8 ) = IPLOT  should  be  3 or  U so  time  histories  of  the  control  motions 
in  TRIM  can  be  examined.  Their  traces  have  a typically  exponential  char- 
acter and  the  user  can  readily  see  about  how  close  to  trim  the  case  is. 

A 0.1  degree  error  in  cyclic  main  rotor  angles,  say,  is  certainly  not 
cause  for  rejection  for  a lot  of  cases. 

Direct  control  is  also  available  on  the  number  of  time  points  computed  per 
rotor  revolution,  RA(32)  «=  AZT  in  TRIM  and  RA(5l)  = NAZ  in  FLY.  AZT  is 
typically  equal  or  less  than  NAZ.  The  values  are  dependent  on  whether 
high-frequency  modes  are  operative  or  not.  The  following  flags  relate  to 
high-frequency  modes:  RA(399)  = IFLEX , RA(42)  = HARDSP , RA(28T0)  = IDYN, 

RA(lU80)  = IPHORN  and  RA(2515)  = IFLAP2.  To  a lesser  extent  the  values 
depend  on  the  quasi-static  pitch  horn  and  torsion,  flags  RA(l487)  = KPH 
and  RA(l^97)  - TORFLG.  Serious  consideration  should  be  given  to  operat- 
ing the  program  with  as  few  degrees  of  freedom  as  is  reasonable. 

REXOR  has  been  run  for  minimal  degrees  of  freedom  with  NAZ  as  low  as  2h . 
Normally,  though,  NAZ  is  more  like  120,  180  or  240,  and  sometimes  even 
360  to  provide  numerical  stability.  In  computing  the  AH-56A  Cheyenne 
inplane  stability,  damping  resolution  of  the  order  of  1/10  of  the  struc- 
tural damping  was  experienced  providing  the  azimuth  interval  was  small 
enough  to  preclude  numerical  instability. 
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Summarizing,  run  times  can  be  computed  based  on  REXOR  input  values.  The 
run  time  per  case,  where  a case  is  defined  in  Section  3.1  is  computed 

tc  = (tTRIM  + minutes/case 


where 


tTRIM  = ( k ) ( AZT ) ( TCUT ) 

tpLY  “ (k)(NAZ)(  0 )(TST0P)/2tt 


and 


fl  = RA(52) 


The  other  addresses  are  defined  above.  The  parameter  (k)  has  units  of 
sec/azimuth,  and  can  be  determined  by  measuring  a computer  run.  The  data 
in  Table  H-l  is  offered  as  a reference. 


TABLE 

4-1.  MACHINE  TIME  ESTIMATES 

Machine 

k 

No  dynamic 

With  dynamic 

stall 

stall 

IBM  360/91 

0.l6 

0.18 

CDC 

6600 

0 .1+8 

0.5^ 

IBM  360/65 

1.12 

1.26 

The  360/91  values  are  accurate.  Values  for  the  other  machines  are 
estimates.  It  should  be  noted  that  the  above  values  are  based  on  a four- 
bladed  rotor  system.  Costs  for  teetering  configurations  (two  blades) 
would  be  approximately  two -thirds  as  much. 
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The  user  is  advised  to  proceed  slowly  in  submitting  cases.  Look  over  the 
output  of  the  last  case  carefully.  The  harmonic  analysis  tabulation 
ootained  with  the  RA(l257)  = IHAFLG  may  be  helpful.  The  idea  is  to  double 
check  the  inputs,  to  spot  and  remove  errors.  Having  a series  of  runs 
"bomb"  just  because  one  little  input  was  wrong  or  missing  is  expensive. 

4.2  TRIM  SAVING  PROCEDURES 

Trim  save  cards  can  be  obtained  by  actuating  the  RA(47)  = IPUNCH  flag  and 
this  is  highly  recommended  even  if  the  next  case  varies  considerable  from 
the  flight  conditions  of  the  trim  save  case.  Some  of  the  trim  save  inputs 
can  be  filled  out  by  hand  and  will  aid  trim.  Of  first  importance  are  the 
downwash  of  the  main  rotor  and  the  tail  rotor,  RA(65)  = WIMR  and  RA(77)  = 
WITR.  Other  quantities  which  may  be  initialized  to  aid  in  reaching  final 
trim  values  are  RA(53),  RA(‘j4),  RA(55),  RA(56),  RA(57),  RA(58).  RA(59) 
and  RA(63)  if  they  are  among  the  set  of  trim  variables  selected  by  the 
trim  option,  RA(l42).  There  are  other  factors  discussed  in  detail  in 
Section  3.3.3. 

4 . 3 TROUBLE  SHOoTIilG 

Troubleshooting  here  shall  be  limited  in  discussion  to  the  effort 
required  to  fly  a new  helicopter  configuration  in  the  program  where  only 
relatively  simple  program  changes  are  required.  The  effort  required  to 
check  out  a major  change  of  the  program  that  affects  the  primary  degrees 
of  freedom  is  at  least  an  order  of  magnitude  greater  than  that  required 
to  check  out  new  input  data. 

Checkout  of  the  program  should  proceed  by  repeating  a known  case  and  is 
aided  by  correlating  with  any  test  data  that  is  available,  such  as  whirl 
tower  or  tie-down  tests.  Lacking  test  data,  simpler  analyses  can  sometimes 
be  used  in  limited  comparisons  of  performance  and  handling  qualities.  In 
areas  where  test  date,  or  simpler  analyses  are  not  available,  the  user  must 
use  great  care  in  evaluating  the  inputs  and  in  determining  the  "reasonable- 
ness" of  the  output  results.  All  the  output  should  be  carefully  examined 
and  new  output  programmed  if  doubts  can  not  be  clarified.  Sometimes 
special  check  can  be  devised  such  as  fixing  a roll  rate  on  the  rotor  and 
observing  the  value  of  the  required  pitch  processional  moment,  or  observing 
the  flap  displacement  and  root  blade  moment  obtained  with  an  increment  in 
the  feather  angle,  etc. 

The  steps  required  to  get  a new  configuration  up  and  running  can  be 
serialized  as  follows: 

1.  Gathering  of  data.  The  user  must  obtain  all  details  on  the  con- 
figuration especially  in  regard  to  blade  sweep,  blade  droop, 
blade  jogs,  feather  bearing  cone  angles,  pitch  horn  stiffness, 
blade  inertial  and  modal  data,  pitch-flap-lag  couplings, 
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swashplate  stiffness  and  shaft  flexibility.  The  stability  of  the 
rotor  modes  are  often  highly  dependent  on  the  values  of  these 
inputs . 

2.  Write  up  and  implement  program  modifications,  Here  only  simple 
modifications  are  assumed  which  are  almost  inescapeable  for  a new 
configuration.  One  needs  to  be  more  careful  with  changes  that 
affect  the  physical  model  being  represented  through  the  equations 
of  motion  compared  to  changes  in  say,  the  output-input  format. 

3.  Decide  what  degrees  of  freedom  can  be  removed.  The  characteris- 
tic frequency  of  the  torsion  or  the  swashplate  may  be  too  high 
to  be  significant.  The  engine  degree  of  freedom  usually  can  be 
turned  off  except  for  autorotation  or  extreme  maneuvers.  A 
fixed  shaft  study  involving  the  blades  and  the  swashplate 
degrees  of  freedom  only  may  be  appropriate.  Another  strategy 
that  can  be  employed  is  to  turn  all  possible  degrees  of  freedom 
off  to  begin  with  to  simplify  the  checkout , then  add  shaft 
bending,  etc.,  and  recheck  the  output. 

. Compute  one  pass  of  the  program.  Here  the  simple  errors  which 
lead  to  zero  divide,  no  initialization,  etc.,  will  be  apparent. 
This  stage  is  complete  when  the  tabulation  for  the  first  time 
point  appears.  The  tabulation  of  the  inputs  include  a card  list- 
ing and  then  a relisting  of  input  in  like  groupings . The  inputs 
are  rechecked  using  the  like-grouping  format  which  may  make  it 
easier  to  spot  wrong  numbers.  Also  at  this  time  the  statements 
for  program  changes  are  reviewed  for  correctness. 

5.  The  next  stage  occurs  when  a.  portion  of  the  TRIM  time  history 
is  obtained.  Check  all  quantities  in  the  tabulation  of 

the  first  time  point  against  the  inputs  for  reasonableness;  also 
check  for  signs,  zeros  and  the  absence  of  huge  numbers.  Examine 
the  time  histories  to  see  that  all  quantities  have  started  off 
properly.  If  a rapid  divergence  or  oscillation  has  occurred, 
numerical  instabilities  are  to  be  suspected;  a low  rate  could 
mean  the  trim  gains  are  too  low.  A good  value  is  one  that  causes 
a pure,  rapid  convergence  without  overshoot  oscillations  or  indi- 
cations the  trim  variable  is  following  vibratory  loads.  Numer- 
ical instabilities  may  be  cured  by  using  u smaller  increment 
between  time  points.  A rapid  divergence  may,  however,  be  a 
simple  input  error  in  the  spring  rate,  etc. 

6.  Next,  a portion  of  the  FLY  time  history  wil?  run.  Check  the 
TRIM  time  histories  to  see  the  trim  variables  plots  are  almost 
horizontal  near  the  end  of  TRIM  indicating  a true  TRIM  condition 
has  been  closely  approached.  In  FLY  numerical  difficulties  may 
again  occur.  Check  the  tabulation  at  the  end  of  TRIM  and  the 
beginning  of  FLY  for  reasonableness  of  values.  A point  is 
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finally  reached  when  the  FLY  plots  appear  reasonable,  that  the 
system  is  stable  without  any  control  input  (or  if  not,  should 
be  expected)  and  that  the  system  moves  in  the  proper  direction 
and  with  about  the  expected  magnitude  upon  application  of  a 
control  input.  A good  rule  is  to  apply  no  input  for  the  firs', 
half  or  full  second  of  FLY.  This  procedure  helps  determine  the 
quality  of  TRIM  and  provides  a reference  level  fcr  the  control 
input  to  follow.  Difficulties  can  be  evident  which  may  only  be 
due  to  an  unsatisfactory  design.  Careful  attention  would  be 
paid  to  the  inplane  mode  stability  in  its  collective,  cyclic  or 
reactionless  manifestations.  Parameter  sensitivity  studies  may 
be  in  order  or  perhaps  more  flight  conditions  should  be 
investigated . 

A few  messages  are  printed,  some  relating  to  "bomb"  flags.  These  flags 
are  not  intended  to  be  an  error  detection  system.  Also  the  location  from 
within  the  program  where  they  originate  is  not  indicated. 

There  are  a few  large  number  detectors  which  stop  the  case  when  they  are 
exceeded.  Included  are  excessive  values  for  the  trim  variables,  for  root 
blade  loads  and  blade  deflections.  The  intention  is  to  detect  a diver- 
gence from  within  the  program  before  a computer  overflow  occurs.  Then,  the 
time  history  plots  with  automatic  scaling  based  on  the  largest  values  will 
be  useful.  Without  "bomb"  tests  a computer  overflow  number  like  10? f will 
cause  all  plot  data  to  look  like  zero  except  for  the  last  point. 


5 , TABULATED  OUTPUT 

An  example  of  tabulated  data  is  provided  by  the  reduced  copy  of  a computer 
printout.  Table  5-1.  The  major  sub-blocks  of  data  are  titled  and  under- 
lined in  the  tabulation.  The  harmonic  analysis  tabulation  is  included. 

The  only  tabulation  available  which  does  not  format  like  one  or  more  of 
the  pages  of  the  figure  is  when  RA(U6)  = ICONTR  is  on  and  a special  print- 
out of  the  mass  matrix  and  related  data  is  obtained.  This  data  is  for 
debugging  program  modifications. 

The  first  portion  of  the  tabulation  prints  input  data;  for  details  see 
section  3,  The  next  portion  prints  values  for  the  same  set  of  variables 
at  the  beginning  and  end  of  TRIM.  In  addition,  an  extra  tabulation  is 
printed  at  the  end  of  the  extra  revolution  added  to  TRIM  for  harmonic 
analysis.  The  last  two  tabulations  should  be  checked  to  see  how  close 
corresponding  values  are  in  order  to  evaluate  the  resolution  of  TRIM  and 
hence  the  numerical  quality  of  the  harmonic  analysis. 

Section  3.3.6  should  be  consulted  when  interpreting  harmonic  analysis 
although  the  titles  are  descriptive.  The  user  should  be  aware  that  the 
blade  loads  are  being  computed  with  a greater  numerical  precision  than 
normal  at  the  expense  of  calling  the  blade  subroutine  (SWEEP)  twice  at 
each  time  point.  In  normal  operation  the  blade  subroutine  is  entered 
with  the  old  accelerations  plus  the  new  velocities  and  displacements 
found  by  integrating  to  the  next  time  point.  The  blade  loads  plus  loads 
from  the  fuselage,  tail  rotor,  etc.,  are  used  to  find  the  new  accelera- 
tions. Now  at  this  point,  for  harmonic  analysis  only,  and  before 
recycling  the  program  and  integrating  to  the  next  time  point , the  blade 
subroutine  is  entered  again.  The  blade  loads  are  then  computed  using  the 
accelerations,  velocities  and  displacements  all  at  the  same  time  point. 

A significant  improvement  in  blade  loads  results  although  the  azimuth 
step  may  be  only  2 or  3 degrees.  The  acceleration  is  sensitive  in  value 
to  high  frequencies  and  a phase  error  of  a few  degrees  at  one  per  revolu- 
tion (IP)  is  many  times  that  at  the  frequency  of  the  highest  mode. 

The  tabulation  finishes  with  printouts  at  the  beginning  and  end  of  FLY 
similar  to  those  in  TRIM. 
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6.  COMPUTER  INSTALLATION  REQUIREMENTS 

REXOR  is  written  entirely  in  FORTRAN  IV  and  has  been  developed  on  an 
IBM  360/91  computer.  Hardware  dependency  is  restricted  to  only  a few 
majcr  software  areas: 

1.  Fortran  initialization  of  literal  data  is  word  size  dependent. 

2.  Graphic  output  software  is  Calcomp  dependent. 

Software  incompatibilities  are  restricted  to: 

1.  Character  string  definition  techniques. 

2.  Overlay  features. 

REXOR  will  run  on  any  IBM  36G  or  370  model  which  is  large  enough  to 
support  IBM's  FORTRAN  IV  H-level  compiler.  One  routine  in  REXOR,  namely 
SWEEP1 , requires  520  k bytes  of  core  to  compile.  This  is  the  pacing  item 
on  IBM  core  requirements.  Besides  the  normal  FORTRAN  input,  output,  and 
punch  output  devices,  REXOR  utilizes  three  auxilliary  storage  I/O  units. 
The  I/O  operations  are  sequential;  thus,  the  actual  device  type  is  not 
important.  All  installation  dependent  software  has  been  removed  to 
enhance  portability 5 except  as  mentioned  above,  in  the  area  of  graphic 
output . 

Besides  its  parent  installation,  REXOR  has  been  installed  at  two  other 
computer  installations  as  of  this  writing.  One  is  the  Midwest  S&E  com- 
puter at  the  U.  S.  Army  Aviation  Systems  Command.  This  is  an  IBM  360/65. 
The  other  installation  is  the  Langley  Research  Center  computer  complex 
which  includes  CDC  6000  series  computers  and  software.  Specifics  con- 
cerning obe  program  as  installed  on  IBM  and  CDC  hardware,  and  in  particu- 
lar the  installations  mentioned,  will  be  presented  below. 


6.1  IBM  360/370  SERIES  HARDWARE 

REXOR  requires  a minimum  of  520  k bytes  of  core  for  compilation.  This 
requirement  is  due  to  subroutine  SWEEP1.  If  SWEEP1  is  compiled  sepa- 
rately, the  compilation  core  requirement  is  substantially  reduced.  The 
core  requirement  during  execution  is  approximately  375  k bytes  when  the 
overlay  option  of  the  LINKAGE  EDITOR  program  is  invoked.  A general  schem- 
atic of  the  IBM  overlay  structure  is  presented  in  Figure  6-1.  The 
program  was  somewhat  arbitrarily  divided  into  the  classic  INPUT-PROCESS- 
OUTPUT  categories.  The  current  structure  is  not  minimal  in  design. 
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The  program  logical  I/O  unit  numbers  and  usage  are  indicated  in  the 
following  Table  6-1. 


TABLE  6-1.  I/O  UNITS 


Unit  tf 


Usage 


Scratch  Data  Set 


Normal  Fortran  Input  Data  Set 
Normal  Fortran  Output  Data  Set 
Punch  Card  Output  Data  Set 


Scratch  Data  Set 


Scratch  Data  Set 


The  device  requirements  for  the  scratch  units  3,  8,  and  12  are  direct 
access  or  magnetic  tape.  Typical  DCB  parameters  are: 

UNIT  3 - RECFM=FB , LRECL=80,  BLKSIZE=800 

8 - RECFM=VSB , BLKSIZE=2008 

12  - RECFM=VSB,  BLKSIZE=252k 

The  space  parameter  of  the  data  definition  control  statement  is  a function 

of  the  actual  device  used.  The  following  normal  working  limits  should  be 
allocated.  However,  these  numbers  are  not  absolute. 


UNIT  3 


80  k bytes 
12k  k bytes 
12k  k bytes 


6.2  CPC  6000  SERIES  HARDWARE 

REXOR  has  been  installed  on  CDC  hardware  at  LRC,  Langley  Research  Center. 
Software  requirements  in  the  area  of  literal  definitions  and  overlay  capa- 
bilities are  significantly  different  from  IBM.  Therefore,  a separate  CDC 
compatible  version  must  be  maintained. 


. .l  ..  T 


The  complete  source  program  is  stored  at  the  LRC  computer  center  on  a data 
cell.  CDC  6600  core  requirement  for  compilation  is  approximately 
102200  octal  words,  The  field  length  for  the  execution  phase  is  approx- 

OOC  r.Titill*  M Mfr*  f.U  1 » re- 

program has  been  measured  at  approximately  200  seconds.  The  program 
auxiliary  storage  device  requirements  are  the  same  as  described  in  Sec- 
tion 6.1.  Beyond  the  actual  definition  of  the  units,  the  program  accepts 
default  system  definitions. 

The  CDC  overlay  structure  is  conceptually  similar  to  the  IBM  version; 
however,  the  physical  implementation  is  quite  different.  The  CDC  overlay 
program  structure  can  be  seen  in  Figure  6-2. 

The  BAERO  program  computes  general  blade  aerodynamic  coefficients.  The 
FBAERO  program  computes  blade  aerodynamics  and  stall  based  on  a special- 
ized blade  data  set. 


6 . 3 GRAPHIC  HARDWARE/ SOFTWARE  REQUIREMENTS 

Graphic  output  capability  is  highly  installation  dependent.  Even  though 
the  three  installations  at  which  REX0R  has  been  installed  all  use 
CALC0MP  drum,  plotters,  the  driving  software  is  somewhat  different.  The 
three  installations  are  characterized  in  Table  6-2. 


TABLE  6-2.  CALCOMP  OPERATION 


Facility 

Hardware 

Identification 

Software 

Calac 

CALCOMP  765 

CALAC  enhanced 

12- inch  drum 

CALCOMP  software 

Langley 

CALCOMP  765 

LRC  Graphic 

12-inch  drum 

Output  System 

St.  Louis 

CALCOMP  536 

CALCOMP  supplied 

30-inch  drum 

software 

P ■"  ■•»sitt/«  ><  -.-V-  ,.  v-vr.^--  fT.*}/:  --  'r;.W  ~ v 


SYMBOLS 


“l 

[A] 


1,2,3 


In 


2n 


3n 


IS 


IS 


[c] 

CL 


D 


M 


LIST  OF  SYMBOLS 


arbitrary  vector 

2 

acceleration  vector,  ft/sec 

longitudinal  component  of  blade  first  harmonic  flapping,  rad 
generalized  mass  element  matrix 
modal  variables 

generalized  displacement  of  nth  blade,  first  mode 
generalized  displacement  of  nth  blade,  second  mode 
generalized  displacement  of  nth  blade,  third  mode 
cosine  component  of  blade  first  harmonic  cyclic,  rad 
number  of  main  rotor  blades ; arbitrary  vector 
dissipation  function 

sine  component  of  blade  first  harmonic  cyclic,  rad 
blade  segment  chord , ft 
damping  matrix 

aerodynamic  drag  coefficient 
aerodynamic  lift  coefficient 
aerodynamic  pitching  moment  coefficient 
power  coefficient 
thrust  coefficient 
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;V 

■it 
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I 

4 

m 


if 

1 

'I 

:4 


•MS 

>4$ 


1 

I 


'7''V,'*'Tr?y-x 


CX,Y,Z 

C4>,9  ,<j» 

°1,2,3 

C(k) 


d 

dr 

dt 

d/dt 

(d/e) 


0 


(d/e ). 


e 

El 


fiMR 


F 

F 

X,Y,Z 

F 

<f>  >9  5<l> 

F 

6PH 

g 

®X,Y,Z 

G 

M 

G 

GJ 

L. 


linear  damping,  lb/ft/see 
rotary  damping,  ft-lb/rad/sec 
blade  bending  to  feathering  couplings 
lift  deficiency  function 
infinitesimal  increment 
increment  in  rotor,  radius,  ft 
increment  in  time,  sec 
derivative  with  respect  to  time 

swashplate  to  feather  gear  ratio,  zero  collective 
swashplate  to  feather  gear  ratio  slope  with  collective 
pitch  horn  effective  crank  arm,  ft 

2 

blade  bending  stiffness  distribution,  Ib-ft 
ground  effect  factor  for  main  rotor 
factor;  force,  lb 

force  components  along  X,Y,Z  directions,  lb 

generalized  force  about  <p , 6 , \p  axis 

feathering  mode  generalized  force 
2 

gravity,  ft /sec 

gravity  components  along  X,Y,Z  directions 
gear  ratio 

generalized  force  vector 

gyro  angular  acceleration  partial  product 

2 

blade  torsional  stiffness  , lb-ft 
= Em.  X.2,  slug-ft2 

li 

= Em.  Y,2,  slug-ft2 

li  ° 
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z 

= Em. 
1 

2 2 
Z , slug- ft 

XX 

= Em. 
1 

<Yi  + 

z.2),  Slug-ft2 

YY 

II 

M 

3 

H* 

(X.2  + 
1 

Z.2),  slug-ft2 

zz 

= Em. 

l 

(x.2  + 
1 

Yi2),  slug-ft2 

XY 

= Em. 

l 

X.  Y., 

l l 

slug-ft2 

XZ 

= Em. 

l 

X.  z., 
1 1 

slug-ft2 

YZ 

- Em. 

l 

Y.  Z., 

l l 

slug-ft2 

X,Y,Z 


<t>>S,<l> 


unit  vector 
unit  vector 
advance  ratio 


number  of  blade  radial  stations;  reduced  frequency, 
rad/sec;  unit  vector 


spring  matrix 

blade  spring  matrix  element 

spring  constants  along  X,Y,Z  direction,  lb/ft 
spring  rates  about  <j) , 9,  iIj  axis,  ft-lb/rad 
location  inboard  feather  bearing,  ft 
location  outboard  feather  bearing,  ft 


radial  location  of  intersection  of  precone  and  feather 
axis , ft 


tension  torsion  pack  length,  ft 

rolling  moment , ft-lb 

mass  of  element,  slugs 

summed  fuselage  coordinate  mass , slugs 

summed  hub  axis  mass , slugs 

mass  of  ith  particle  or  blade  segment,  slugs 


- *wy<*  -*\r~.‘-  'T>'<>  *wv  *-"«• 


Q 

Qfl 


A 

QLOADS 


S?R 


R 

R, 


Z4>  ,ze 


* 


mSP 

swashplate  summed  mass , 

slugs 

M 

pitching  moment,  ft-lb; 

= Em. 

l 

, slugs 

[M] 

generalized  mass  matrix 

Mrk 

generalized  mass  matrix 

element 

M- 

= Em.  X. , slug-ft 
11 

“y 

= Em.  Y. , slug-ft 
11 

Mz 

= Em.  Z. , slug-ft 
ii 

n^.Y.z 

moments  about  X,Y,Z  axis,  ft-lb 

m. 

blade  torsional  moment, 

ft-lb/ ft 

N 

number  of  system  particles 

P 

angular  velocity  about 

X axis , 

rad/sec ; ; 

PiMR 

main  rotor  pitch  moment 

inflow, 

ft/sec 

q. 

generalized  coordinate; 
rad/ sec 

angular 

velocity 

qiMR 

main  rotor  roll  moment 

inflow , 

ft /sec 

generalized  forcing  function 

aerodynamic  pressure  times  reference  wing  area,  lb 
total  nonmain  rotor  aerodynamic  loads  matrix 
tail  rotor  torque , ft-lb 


general  vector;  radius  of  curvature,  ft;  angular  velocity 
about  Z axis,  rad/sec;  notation  for  (X,Y,Z) 


static  blade  shape 

vector  displacement  of  particle  p in  X,Y,Z  axis  system 
vector  displacement  of  x,y,z  origin  in  X,Y,Z  system 
gyro  damper  coupling  ratios 


% 
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1,2,3 


Laplace  variable,  path  of  motion  of  particle  p 


blade  spline  length  along  neutral  axis  locii,  ft 


kinetic  energy,  ft-lb 


transformation  of  coordinates  matrix 


tension  in  tension  - torsion  pack,  lb 


velocity  in  X direction,  ft/sec 


potential  energy  function,  ft-lb;  strain  energy,  ft-lb 


JC,P,S,T  alr  velocity  on  blade  element,  ft/sec 


velocity  in  Y direction,  ft/sec 


trajectory  velocity 


velocity  in  Z direction,  ft/sec 


mam  rotor  collective  inflow,  ft/sec 


tail  rotor  collective  inflow,  ft/sec 


motion  in  X direction  f-  • "ki  Qrq 

n’  blade  span  location 


coordinate  direction;  axis;  deflection  f t • i +• 
cross  product  -Lection,  ft,  location,  ft; 


blade  radial  station  of  sweep  and  Jog,  ft 


trajectory  path,  ft 

tail  rotor  longitudinal  force,  lb 


motion  in  Y direction,  ft 


coordinate  direction*  nvi  a • , . 

’ ax13’  deflection,  ft;  location,  ft 


tension  torsion  pack  outboard  end  modal  coefficients 


^“Tsidi  ^:~ions  °f  **  - ~ 


I 


I 


1,2,3 


3e/9a 


notion  in  Z direction 


coordinate  direction;  axis;  deflection,  ft;  location,  ft 


relative  svashplate  vertical  displacement  with  respect  to 
the  hub , ft 


tension-torsion  pack  outboard  end  modal  coefficients 


teetering  rotor  undersling,  ft 


hub  set  distance  above  fuselage  set , ft 


hub  set  distance  above  swashplate  set,  ^t 


blade  vertical  offset  at  outboard  end  of  tension  - torsion 
pack,  ft 


angle  of  attack,  rad 


angle  of  attack  with  hub  set,  rad 


sideslip  angle,  rad 


blade  feathering  angle,  rad 


feathering/pitch-horn  bending  or  dynamic  torsion 
generalized  coordinate  displacement 


blade  droop  relative  to  precone  angle,  rad 


blade  sweep  angle,  rad;  dynamic  stall  delay,  sec 


trajectory  path  angle  with  E set,  rad 


limit  deflection,  rad;  freeplay , rad;  small  increment 


tail  rotor  pitch  - flap  coupling 


downwash  factor  of  wing  on  horizontal  tail 


vector  rotation  of  <ji,  0,  *!> 


rotation  about  Y axis , rad 


collective  blade  angle,  rad 


sideslip  at  blade  element,  rad 


air  density,  slugs/ft 


SUBSCRIPTS 


time  constant,  sec;  natural  period,  sec 
feathering  axis  precone,  rad 
rotation  about  X axis,  rad 
feathering  angle , rad 

feathering  angle  of  blade  element  of  nth  blade,  rad 

blade  root  reference  feather  angle,  rad 

blade  torsion,  rad 

sum  of  blade  twist  and  torsion,  rad 

wake  angle  of  main  rotor,  deg 

rotation  about  Z axis,  rad;  sideslip  angle  with  hub  set,  rad 

control  input  axis  rotation  from  swashplate , rad 

pitch  lead  angle,  deg 

trajectory  path  yaw  with  E set,  rad 

main  rotor  apparent  airflow  angle,  rad 

rotational  speed,  rad/sec;  angular  velocity,  rad/sec; 
natural  frequency,  rad/sec 

partial  derivative,  derivation 


arbitrary  coordinate  set  a 
due  to  aerodynamics 
arbitrary  coordinate  set  b 
associated  with  blade  elastic  bending 
blade  element  coordinate  system 


blade  reference  axis  system  for  the  nth  blade 


associated  with  pilot  control  input,  chordwise 


associated  with  center  of  gravity  location 


corrective,  correction 


referring  to  downwash 


referring  to  dynamic  component 


earth  axis 


associated  with  power,  ant  - engine 


estimated 


fuselage  axis;  associated  with  blade  feathering 


referring  to  blade  feather  axis 


associated  with  feedback 


associated  with  feathering  of  the  nth  blade 


due  to  friction 


referring  to  gyro  or  gyro  coordinate  system 


associated  with  gas  generator  section  of  powerplant 


associated  with  gyro  control  feedback 


gyro  to  swashplate  connection 


relating  to  gyro  gimbal  unbalance 


referring  to  hub  or  principal  reference  axis  system 


associated  with  horizontal  tail 


referring  to  inflow,  particle 


referring  to  inboard  feather  bearing  location 


spring  matrix  index 


associated  with  blade  attachment  joggle 


associated  with  gyro  end  of  feedback  rod  linkage 


SagWaaiiwwj.',  SisIlgESa 


Jn 

k 

LAG 

LIMIT 


m 


MR 


n 


NA 

NEW 

NO 

NR 

OB 

OLD 

P 

PH 

r 

R 

REF 

RM 

S 


SC 

SP 

SP 


c 

S,  SP 


associated  with  feedback  rod  corning  from  the  nth  blade 
generalized  mass  index 

associated  with  lead-lag  damper 

signifying  limiting  value 

blade  mode  index,  spring  matrix  index 

associated  with  main  rotor 

blade  number  index;  time  point  index 

referring  to  blade  segment  neutral  axis 

newly  determined  value 

normal  (to  airflow)  component 

pertaining  to  nonrotating  value 

referring  to  outboard  feather  bearing  location 

value  from  previous  time  step 

associated  with  propeller;  perpendicular  blade  component 
referring  to  pitch  horn 
generalized  mass  index 
referi'ing  to  rotor  axis  system 
associated  with  blade  feather  reference  value 
referring  to  control  syro  feedback  lever  moment 


s^ucSralfshJff  Tel°Cityi  K'"'ral  static; 


referring  to  blade  segment  shear  center 

referring  to  swashplate 

command  to  swashplate 

referring  to  swashplate  limit  stop 
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* 


I 


SI 


5# 


a 


$ 


STEADY 


UNSTEADY 


1,2,3 


1/4  c 


steady  component 


referring  to  blade  sweep  angle  location 


associated  with  trajectory  path  relating  to  E axis, 
tangential  blade  component;  blade  torsion;  blade  cwist 


associated  with  the  tail  rotor 


initial  or  trim  value 


associated  with  tension  torsion  pack 


referring  to  inboard  end  of  tension  torsion  pack 


referring  to  outboard  end  of  tension  torsion  pack 


associated  with  blade  twist  (built  in) 


relating  to  control  gyro  unbalance 


associated  with  unsteady  component 


associated  with  vertical  tail 


associated  with  the  wing 


relating  to  component  in  X direction 


relating  to  component  in  Y direction 


relating  to  aerodynamic  component  in  Y direction 


relating  to  component  in  Z direction 


relating  to  aerodynamic  component  in  Y direction 


(nought)  associated  with  collective  value,  coordinate  axis 
value,  with  respect  to  principal  reference  axis,  blade 
root  summation 


with  respect  to  blade  modes  1,  2,  or  3 


first  harmonic  component  shaft  axis  feathering 


with  respect  to  blade  1/4  chord 


with  respect  to  blade  3/4  chord 


associated  with  the  feathering  mode  of  the  nth  blade 


relating  to  component  in  the  4>  direction 


relating  to  component  in  the  0 direction 


relating  to  component  in  the  \p  direction 


SUPERSCRIF' 


referring  to  inertial  reference 


matrix  transpose 


(bar)  average  quantity 

(prime)  slope  with  respect  to  blade  span 
(dot)  time  derivative  of  basic  quantity 
(double  dot)  second  time  derivative 


matrix  inverse 


vector  quantity 


POSTSCRIPTS 


blade  radial  station  index 


blade  number  index 


